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Estrone  disappears  from  the  body  rapidly,  being  inactivated  by 
a  liver  and  spleen  enzyme  (Zondek,  1934a,  b).  A  few  hours  after 
parenteral  administration  of  estrone  in  the  rat,  only  1  to  2  per  cent  of 
the  dose  given  is  still  recoverable  from  the  body  by  extraction  with 
organic  solvents  (Zondek,  1934).  On  the  other  hand,  the  hormone 
esters  and  likewise  4,4'-dihydroxy-a-/3-diethylstilbene  (stilbestrol), 
which  are  resorbed  relatively  slowly,  are  largely  recoverable  in  the 
same  procedure.  In  comparative  experiments  in  which  rats  were  given 
100  jug.  of  estrogen  in  0.1  cc.  of  olive  oil  subcutaneously  and  subjected 
to  extraction  after  an  interval  of  48  hours  the  percentage  recovery  of 
estrogen  was  as  follows  (Zondek  and  Sulman,  1939;  Zondek  and 
Bergman,  1938) : 


Estrone  1-2 

Estrone  benzoate  80 

Estradiol  benzoate  40 

Estrone  methylether  70 

Stilbestrol  25 


The  maximum  percentage  excretion  of  hormone  in  the  urine  was  as 
follows : 


Estrone  0 

Estradiol  benzoate  1 

Estrone  methylether  5 

Stilbestrol  25 


The  excretion  of  the  synthetic  substance  (stilbestrol)  was  thus  mark¬ 
edly  different  from  that  of  the  other  estrogenic  hormones  (Zondek 
and  Sulman,  1939). 

The  inactivation  of  estrone  by  liver  has  been  unequivocally  dem¬ 
onstrated  by  experiments  in  vitro  (Zondek,  1934a,  b).  Two  gm.  of 
liver  pulp  was  allowed  to  act  upon  40  Mg-  of  estrone  at  37®  C.  for  5 
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hours.  At  the  end  of  the  incubation  period  only  0.2  per  cent  of  the 
amount  of  estrone  originally  present  was  recovered.  Numerous  in¬ 
vestigators  have  confirmed  this  finding.  In  the  experiments  described 
below  the  inactivation  of  stilbestrol  by  liver  has  been  investigated 
in  vitro. 

EXPERIMENTAL  PROCEDURE 

Stilbestrol*  solution  was  prepared  by  dissolving  10  mg.  of  crystalline 
stilbestrol  in  5  cc.  of  96  per  cent  ethyl  alcohol.  One-half  cc.  of  this  alcoholic 
solution  was  mixed  with  50  cc.  of  n/100  NaOH  and  the  alcohol  evaporated 
in  vacuo.  The  resulting  alkaline  solution  contained  0.02  mg.  of  stilbestrol  in 
1  cc.  Since  this  solution  is  not  dependably  stable  for  more  than  1  week,  it 
was  prepared  fresh  for  each  experiment.  The  biological  potency  was  checked 
in  every  case.  Alkaline  estrone®  solution  containing  0.02  mg.  of  estrone  in 
1  cc.  was  prepared  in  the  same  manner. 

Inactivation  of  stilbestrol  by  liver  was  tested  by  adding  1  cc.  (0.02  mg. 
=  200m.u.^)  of  alkaline  stilbestrol  solution  to  mixtures  of  20  cc.  of  a  m/15 
phosphate  buffer  (pH  =  7.6)  containing  either  0.5,  1.0  or  2.0  gm.  of  rat  liver 
pulp,  and  shaking  for  5  hours  at  37°  C.  Five  volumes  of  acetone  was  then 
added  to  stop  the  inactivation.  The  acetone  was  twice  renewed  in  the  course 
of  48  hours.  The  washings  were  pooled  and  evaporated  leaving  an  oily  residue 
(A).  The  extracted  liver  material  was  dried  at  60°  C.  and  ground  to  a  fine 
powder  in  a  mortar  (B).  The  materials  (B  and  A)  were  united  and  extracted 
with  96  per  cent  alcohol  in  a  soxhlet  apparatus.  -The  extract  thus  obtained 
was  freed  of  alcohol  by  evaporation  and  the  residue  dissolved  in  5  cc.  of 
olive  oil.  The  resulting  oily  solution  contained  the  amount  of  stilbestrol 
recoverable  after  liver  action. 

The  same  procedure  was  followed  in  a  control  experiment  in  which  the 
inactivating  power  of  the  rat  liver  samples  to  estrone  was  checked.  Experi¬ 
ments  in  which  boiled  liver  pulp  was  used  served  for  the  control  of  estrogen 
titer  in  liver  pulp  medium. 

Control  experiments  with  boiled  liver  or  liver  autolyzed  for  24  hours  at 
room  temperature  showed  that  the  method  of  extraction  used  allows  100 
per  cent  recovery  of  the  estrone  and  stilbestrol  added  to  liver  pulp. 

The  determinations  of  estrogen  content  were  made  on  a  total  of  180 
spayed  female  mice;  each  hormone  dosage  was  tested  on  5  animals.  The 
oily  extracts  were  administered  in  three  injections  subcutaneously  in  the 
course  of  48  hours.  Vaginal  smears  were  taken  at  intervals  of  12  hours 
between  the  48th  and  96th  hour  from  the  first  injection. 

RESULTS 

It  is  seen  from  table  1  that  2  gm.  of  rat  liver  inactivated  0.02  mg. 
of  stilbestrol  and  estrone  to  an  equal  extent.  While  1  gm.  of  liver 
pulp  still  completely  inactivated  0.02  mg.  of  estrone,  it  only  partly 
inactivated  0.02  mg.  of  stilbestrol.  One-half  gm.  of  liver  failed  to 

*  We  are  indebted  to  the  Teva  Middle  East  Pharmaceutical  and  Chemical  Works 
Co.,  Ltd.,  Jerusalem,  for  the  supply  of  stilbestrol. 

*  We  are  under  obligation  to  Dr.  B.  J.  Brent,  Roche-Organon,  Inc.,  Nutley,  N.  J., 
for  a  supply  of  estrone. 

*  1  M.u.  is  the  smallest  amount  of  estrogenic  substance  which  brings  about  full 
comification  in  the  vaginal  smear.  In  our  mice  1  m.c.  corresponds  to  0.1  /ig.  of  stilbestrol 
and  to  0.2  ng.  of  estrone. 
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Table  1.  Action  of  liver  pulp  upon  estrogens  in  vitro 


Estrogen 

Quantity  of 
Estrogen 
Added 

Liver  Pulp 
Weight 

Estrogen 

Recovery 

Stilbestrol 

mg. 

gm. 

% 

0.02 

2 

<20 

2 

<20 

2 

<20 

1 

40 

1 

80 

1 

20 

0.5 

100 

0.5 

100 

0.5 

100 

Estrone 

0.02 

2 

<20 

2 

<20 

2 

<20 

1 

<20 

1 

<20 

1 

<20 

0.5 

<20 

0.5 

<20 

0.5 
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inactivate  0.02  mg.  of  stilbestrol  appreciably,  although  this  quantity 
of  liver  pulp  still  sufficed  to  inactivate  0.02  mg.  of  estrone. 

These  results  show  that  estrone  was  inactivated  by  liver  more 
easily  than  was  stilbestrol.  In  a  given  time  the  same  amount  of  liver 
pulp  inactivated  only  half  as  much  stilbestrol  as  estrone. 

Comparing  the  estrogens  on  a  basis  of  estrus-producing  capacity, 
the  noted  difference  in  inactivation  susceptibility  (50%)  disappeared. 
Estrone  in  our  mice  showed  only  50  per  cent  of  the  estrus-producing 
capacity  of  stilbestrol.  The  number  of  estrogen  units  of  estrone  and 
stilbestrol  inactivated  by  a  given  quantity  of  liver  were  thus  the 
same.  The  number  of  estrogen  molecules  involved  was,  how'ever, 
markedly  different.  The  liver  ferment  may  be  supposed  to  attack 
equal  numbers  of  molecules.  The  molecular  weight  of  estrone  is  270, 
and  that  of  stilbestrol  is  268  or  almost  the  same.  Hence,  an  equal 
quantity  of  liver  pulp  inactivated  within  a  given  time  tw  ice  as  many 
molecules  of  estrone  as  of  stilbestrol. 

An  attempt  was  made  to  *t,rain*  liver  to  inactivate  stilbestrol.  To 
this  end  10  adult  female  rats  w^ere  injected  for  10  days  with  1  mg.  of 
stilbestrol  daily.  Then  stilbestrol  treatment  was  stopped  for  one  week 
to  allow  the  stilbestrol  to  be  excreted.  The  livers  of  the  treated  rats 
were  then  tested  for  their  capacity  to  inactivate  stilbestrol  in  vitro. 
It  was  found  that  liver  pulp  from  animals  pre-treated  with  stilbestrol 
inactivated  stilbestrol  more  effectively  than  normal  liver,  0.5  gm.  of 
liver  from  treated  rats  being  sufficient  for  the  inactivation  of  0.02 
mg.  of  stilbestrol.  Stilbestrol  inactivations  of  this  intensity  have  never 
been  found  with  liver  pulp  from  a  normal  rat.® 

*  B.  Zondek  in  "Clinical  and  Experimental  Investigations  on  the  Genital  Func¬ 
tions  and  Their  Hormonal  Regulation,”  Williams  &  IVilkins,  Baltimore,  p.  175,  stated 
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DISCUSSION 

It  is  well  known  that  estrone  when  administered  orally  exerts 
only  20  per  cent  of  its  eflSciency  as  manifested  in  subcutaneous  ad¬ 
ministration,  whereas  stilbestrol  given  orally  shows  50  per  cent  of  the 
efficiency  it  manifests  in  subcutaneous  administration.  The  results 
reported  above  which  show  that  estrone  is  more  easily  inactivated 
by  liver  than  stilbestrol  suggest  an  explanation  of  this  difference  as 
well  as  of  the  finding  that  after  hormone  treatment  stilbestrol  is  ex¬ 
creted  in  the  urine  in  greater  amounts  (25%)  than  is  estrone  (1-2%) 
(Zondek,  1934a,  b;  Zondek  and  Sulman,  1939). 

The  toxic  side-effects  of  stilbestrol  (nausea,  vomiting  and  dizzi¬ 
ness  in  man)  are  possibly  explained  by  the  longer  persistence  in  the 
body  of  stilbestrol  than  estrone  and  ite  esters,  the  latter  being  more 
easily  and  completely  inactivated  by  the  liver.  This  conclusion  follows 
also  from  the  experiments  of  Pedersen-Bjergaard  (1941),  who  studied 
the  inactivation  of  stilbestrol  by  liver  in  vivo. 

Our  experiments  with  plant  juices  (Zondek  and  Sklow,  1943)  indi¬ 
cate  that  the  stilbestrol-inactivating  enzyme  occurs  in  nature  along 
with  the  estrone-inactivating  ferment.  Juices  of  potatoes  (Graubard 
and  Pincus,  1941,  and  confirmed  by  us),  beet  root  and  cauliflower 
which  inactivate  estrone  also  inactivate  stilbestrol. 

A  similar  correlation  has  been  found  (Zondek  and  Sulman,  1943) 
in  Proteus  X  Kingsbury  and  a  B.  meserdericus  sp.,  both  of  which 
inactivate  both  estrone  and  stilbestrol. 

SUMMARY 

Contrary  to  earlier  results,  it  has  been  found  that  stilbestrol  is 
inactivated  by  liver  pulp  in  vitro  but  less  rapidly  than  is  estrone. 
Within  a  specified  time  twice  as  much  liver  is  required  to  inactivate 
stilbestrol  as  estrone.  It  is  suggested  that  this  finding  explains  the 
greater  oral  efficiency  and  the  toxic  side-effects  of  stilbestrol  in  man. 

In  rats  treated  with  large  amounts  of  stilbestrol,  the  capacity  of 
the  liver  to  inactivate  stilbestrol  is  increased. 
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that  liver  inactivates  estrone  and  estradiol  benzoate  but  not  stilbestrol.  This  conclusion 
must  be  revised,  since  it  has  now  been  shown  that  liver  is  able  to  inactivate  stilbestrol 
provided  that  a  sufficient  quantity  of  normal  tissue  is  used  for  the  test  or,  alternatively, 
that  the  tissue  material  is  prepared  from  an  animal  which  has  undergone  prior  treat¬ 
ment  with  stilbestrol. 
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Masculine  behavior  in  the  normal  female  rat  has  always  been 
considered  extremely  rare,  according  to  reports  of  Moore  (1919), 
Hemmingsen  (1933),  Long  and  Evans  (1922)  and  Beach  (1938),  but 
Beach  and  Rasquin  (1942)  have  suggested  that  previous  observations 
were  not  properly  controlled,  and  they  offer  substantial  evidence  that 
normal  female  rats  frequently  show  distinct  masculine  reactions. 

Ball  (1939)  castrated  a  number  of  21-day  old  male  and  female  rats 
and  implanted  pellets  of  crystalline  estrone.  Three  male  rats  and  one 
female,  aged  47  to  100  days,  each  received  a  total  of  8600  r.u.  of 
estrogen  by  daily  injection  in  2  weeks.  Three  male  and  two  female 
animals  received  both  estrogen  and  progesterone.  All  of  these  animals 
exhibited  lordosis,  but  the  females  had  a  very  low  feminine  response, 
rating  only  1  to  3  on  Ball’s  12-point  scale,  in  which  7  to  8  indicates 
an  average  state  of  receptivity  No  female  showed  any  male  behavior. 

Ball  (1940)  reported  masculine  behavior  in  adult  female  rats  fol¬ 
lowing  administration  of  8  to  9  mg.  of  testosterone  over  a  period  of 
several  weeks.  Typical  copulatory  conduct  was  produced,  but  no 
‘ejaculation.’  On  several  occasions,  the  normal  estrous  females  re¬ 
sented  the  presence  of  the  testosterone-treated  females  and  initiated 
fights  with  them,  after  which,  however,  the  estrous  females  frequently 
mounted  the  testosterone-treated  females.  As  the  author  points  out, 
the  presence  of  the  testosterone-treated  females  provoked  unusual 
behavior  in  the  normal  females. 

Ball  (1938)  obtained  partial  inhibition  of  the  sexual  activity  of 
intact  young  adult  female  rats  given  estrin,  apparently  between  100 
and  250  r.u.  over  a  period  of  two  months.  The  vaginal  smears  were 
usually  cornified  but  there  was  some  tendency  to  cyclic  changes.  The 
sexual  behavior  was  cyclic  but  somewhat  irregular,  the  females  some¬ 
times  refusing  males,  and  sometimes  accepting.  However,  the  be¬ 
havior  was  always  female  at  a  fairly  constant,  low  level  and  rated 
from  0  to  3  like  that  of  the  estrone-treated  castrates  (Ball,  1939). 

In  the  present  investigation,  reversal  of  behavior  in  the  rat  was 
sought  by  hormone  injections  only,  without  removal  of  the  gonads. 
Treatment  was  started  in  young  animals,  and  behavior  was  observed 
as  they  matured.  Since  the  results  show  that  reversal  is  easily  attained 
by  this  method,  the  next  important  problem  is  to  understand  the 
control  of  all  normal  and  reversed  behavior  in  terms  of  the  Stimulus- 
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response  mechanisms  which  are  the  functional  units  of  behavior  for 
any  animal.  Some  aspects  of  this  problem  are  therefore  considered 
below.  This  report  contains  the  data  from  females  only;  data  on  males 
will  be  presented  elsewhere. 

MATERIALS  AND  METHODS 

Three  strains  of  albino  rats  and  their  hybrids  were  used:  a  Wistar  stock, 
a  Wistar  derivative  in  which  the  occurrence  of  a  prostate  gland  in  the  female 
was  greatly  increased  by  selective  breeding  (Mahoney,  1940) ,  and  a  strain 
without  a  prostate  obtained  from  the  Breeding  and  Laboratory  Institute 
of  Brooklyn,  N.  Y.  Since  there  was  no  evidence  of  strain  differences  in  the 
behavior  data  from  females,  the  different  types  of  animals  are  not  indicated. 

The  ancestry  and  birthdate  and  therefore  the  exact  ages  of  all  animals 
when  treated  and  tested  were  known.  Normal  animals  were  caged  so  that 
there  was  one  male  with  5  or  6  females.  The  treated  animals  were  kept  in 
groups  of  5  or  6,  the  sexes  being  separated  after  weaning  on  the  25th  day. 
All  animals  were  kept  in  a  well-lighted  and  ventilated  room, -fed  on  Purina 
dog  chow  ad  libitum,  with  milk  on  alternate  days.  They  were  weighed  every 
day  between  1:00  and  2:00  p.m.  for  a  study  of  growth  rates. 

Tests  were  begun  about  9  p.m.  in  the  colony  room,  dark  except  for  a  desk 
lamp,  so  shaded  that  no  bright  light  fell  directly  on  the  cage.  The  cage  was 
rectangular,  18X12X10  inches,  with  woodshavings  and  some  chow  on  the 
floor.  Observations  were  timed  with  a  stopwatch  and  test  periods  were 
usually  15  minutes  in  length. 

A  normal  female  rat  believed  to  be  in  heat  on  the  basis  of  daily  smearing 
records  was  given  a  short  preliminary  trial  with  a  vigorous  male  and,  if  the 
response  was  normal,  a  15-minute  test  was  made.  If  this  proved  the  animal 
was  in  full  heat  and  completely  receptive,  both  were  then  removed,  an  ex¬ 
perimental  animal  was  put  in  the  cage  alone  for  a  few  minutes  for  adjust¬ 
ment,  and  then  the  normal  estrous  female  was  replaced  in  the  cage.  At  the 
end  of  every  test,  both  animals  were  removed  from  the  cage,  a  new  experi¬ 
mental  animal  was  put  in  alone  for  adjustment,  and  then  the  estrous  female 
was  replaced. 

Three  terms  are  used  to  differentiate  sexual  acts  according  to  the  degree 
of  masculinity:  clasping,  copulation  and  spasm.  The  term  clasping  was  used 
when  the  upper  animal  placed  its  forepaws  around  the  lower  body  near  the 
shoulders  in  a  clasping  hold,  stayed  in  this  position  for  a  brief  moment  and 
then  dismounted.  The  term  clasp  does  not  include  palpation  by  the  forelegs 
or  copulatory  movements  in  the  pelvis.  The  next  higher  degree  of  response 
is  copulation,  applied  when  the  upper  animal  either  palpated  with  the  fore¬ 
legs  or  made  rapid  rhythmical  movements  of  the  pelvis,  or  both,  then  dis¬ 
mounted  backwards  and  sat  on  the  hind  legs  and  tail,  usually  licking  the 
genitals. 

The  highest  degree  of  response  has  been  called  a  spasm  and  corresponds 
to  the  term  ‘ejaculation’  as  used  by  other  investigators.  It  is  applied  to  the 
same  events  that  mark  copulation,  with  the  exception  that  the  animal  dis¬ 
mounts  very  quickly  in  a  sudden,  explosive-like  action  of  the  body,  and 
walks  rapidly  backwards  in  a  bent-over  position,  with  short  quick  steps, 
then  sits  on  the  hind  legs  and  tail,  nearly  dways  licking  the  genitals.  It  will 
be  seen  below  that  estrogen  induces  this  response  in  females,  and  Ball  (1937) 
has  recorded  ‘ejaculation’  in  castrated  males.  Since  these  visible  responses 
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of  the  body  muscles  cannot  imply  ejaculation,  a  term  to  distinguish  the  two 
phenomena  seems  desirable. 

A  scale  of  masculinity  was  devised,  according  to  which  each  clasp  counted 

1  point,  each  copulation  2  and  each  spasm  3.  The  sum  of  these  points  was 
divided  by  the  number  of  minutes  of  observation,  and  the  quotient  defined 
as  the  masculine-response  index,  which  can  be  treated  statistically,  and  is 
a  standardized  basis  for  comparison  of  masculinity  between  individuals  or 
between  different  tests  of  one  individual.  The  method  has  the  advantage 
over  the  bonus  system  of  Stone,  Tomilin  and  Barker  (1935)  in  that  it  ac¬ 
counts  for  the  amount  of  time  used  for  the  tests,  thus  reducing  all  tests  to 
a  common  basis. 

RESULTS 

Normal  females.  Females  frequently  resist  the  first  approaches  of 
the  first  male  encountered  on  any  evening,  but  after  4  or  5  copula¬ 
tions,  all  resistance  disappears,  and  the  female  is  responsive  and 
stimulating  for  all  further  tests  with  active  males.  Anderson  (1936) 
states  that  15  to  20  minutes  of  copulation  were  necessary  to  eliminate 
resistance,  but  5  minutes  were  always  ample  with  the  females  of  this 
colony.  Females  ignore  males  that  pay  no  attention  to  them,  but  will 
investigate  copulating  males  when  the  latter  undergo  rest  periods. 
Females  frequently  throw  off  and  turn  viciously  on  males  that  hold 
the  copulatory  position  slightly  longer  than  the  usual  brief  period. 
The  same  reaction  to  females  treated  with  testosterone  and  estradiol 
under  the  same  circumstances  shows  that  this  behavior  is  not  due 
to  vaginal  stimulation. 

Four  hybrid  littermate  females  were  caged  together  when  25  days 
of  age  and  were  first  tested  with  an  estrous  female  when  42  days  old. 
On  this  first  test,  1  of  the  4  copulated  perfectly  7  times  in  15  minutes, 
9  times  in  20  minutes  when  the  testing  period  was  extended,  and  made 

2  and  3  clasps.  The  vagina  did  not  become  patent  until  two  days 
later.  Tw’o  hours  after  the  first  test,  this  female  was  given  a  second 
trial,  but  no  further  masculine  behavior  or  interest  was  elicited. 
A  second  female  of  this  group,  with  an  estrous  smear,  made  one  weak 
copulation  and  16  clasps.  The  other  two  females,  one  with  a  closed 
vagina  and  the  other  having  a  metestrous  smear,  ignored  the  estrous 
female.  These  four  remained  together  without  other  cage-mates  and 
were  tested  twice  more  with  results  as  shown  in  table  1,  where  it  is 
seen  that  distinct  masculine  behavior  was  always  evident.  Each  of 
the  females  actively  pursued,  mounted  and  clasped  the  estrous  female 
in  both  of  the  later  tests.  However,  still  further  evidence  of  mascu¬ 
linity  was  observed  when  the  4  females  were  50  days  of  age  and  in 
their  own  cage,  not  being  tested.  One  was  in  heat,  and  another  pur¬ 
sued  the  estrous  animal  around  and  around  the  cage,  copulating 
vigorously  and  frequently,  to  which  the  estrous  animal  did  not  resist 
and  arched  freely.  This  is  evidence  that  a  normal  female  rat  will 
copulate  at  times  other  than  the  first  occasion  of  sexual  excitement 
and  adds  to  the  evidence  of  Beach  and  Rasquin  (1942)  that  masculine 
behavior  in  the  normal  female  rat  is  not  as  rare  as  formerly  believed. 
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Table  1.  Perpobmance  of  tibqin  feualeb  with 

NOIUIAL  ESTBOU8  FEMALES 


Virgin 

Female 

No. 

Age 

Vaginal 

Stage 

Cl 

Co 

Sp 

R.I. 

days 

1854 

42 

estrus 

16 

1 

0 

59 

diestrus 

3 

0 

0 

95 

7 

0 

0 

0.6 

1853 

42 

closed 

0 

0 

0 

59 

estrus 

2 

0 

0 

95 

16 

0 

0 

0.4 

1852 

42' 

closed 

4 

6 

0 

42* 

.  closed 

0 

0 

0 

59 

diestrus 

1 

0 

0 

95 

2 

0 

0 

0.3 

1855 

42 

metestrus 

0 

0 

0 

59 

proestrus 

3 

0 

0 

95 

1 

0 

0 

0.1 

*  Continued  to  20  minutes,  total  then  being  5-7-0. 

*  Two  hours  later. 

All  tests  15  min.  Cl^clasps,  Co  =  copulations,  Sp— spasms,  R. I. “Response 
Index. 

The  behavior  of  these  females  contrasts  with  the  nonappearance  of 
homosexuality  in  the  female  rats  which  were  caged  together  for  6 
months  (Ball,  1940).  The  female  that  had  copulated  when  42  days 
old  was  killed  at  the  age  of  99  days.  There  was  no  macroscopic  pro¬ 
static  tissue,  and  all  of  the  internal  organs  appeared  normal.  Beach 
and  Rasquin  (1942)  have  discussed  the  erroneous  concepts  underlying 
early  observations  of  sexual  behavior  and  have  shown  that  mascu¬ 
linity  is  not  unusual  in  the  females  of  their  colony.  Undoubtedly  the 
same  will  be  found  true  for  other  strains  of  rats  if  properly  investi¬ 
gated.  The  cases  mentioned  above  confirm  this  observation.  No  other 
masculine  behavior  was  ever  observed  in  other  normal  females  during 
daily  observations  of  the  colony. 

Castrated  females.  Two  castrated  females  provided  evidence  that 
these  animals  are  not  always  sexually  neutral  or  indifferent  to  other 
individuals.  One  female  was  castrated  on  the  day  of  birth,  and  when 
tested  with  a  normal  male  at  71  days  of  age,  the  male  mounted  once, 
and  3  days  later,  the  same  male  copulated  once  again,  but  on  both 
days  the  castrated  female  resisted.  The  same  male  also  copulated 
once  with  another  female,  aged  296  days,  which  had  been  castrated 
when  38  days  old,  and  this  castrated  female  also  resisted  the  male. 
The  two  castrated  rats  still  retained  attractive  powers  for  a  male 
and  were  aroused  to  antagonism  by  his  approaches.  They  present 
the  paradoxical  sensory-motor  organization  of  apparent  loss  of  ability 
to  arch,  with  retention  of  attraction  for  males,  but  antagonism  to 
their  approaches,  and  they  resemble  anestrous  females,  which  also 
at  times  attract  males  but  resist  their  approaches. 

Hypophysectomized  females.  Three  females  hypophysectomized 
when  20  days  old  were  tested  with  males  when  the  females  were  68 
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days  old.  The  males  ignored  them,  but  the  females  were  extremely 
active  around  the  males,  playing  and  climbing  and  fussing  at  them 
incessantly,  like  the  playing  of  20-day-old  rats.  Two  37-day-old  fe¬ 
males  were  hypophysectomized  and  were  tested  at  182  days  of  age 
with  a  male.  The  females  then  weighed  only  77  gm.  Great  excitement 
was  aroused  in  the  male  by  one  of  them,  and  he  copulated  once,  then 
ignored  her.  Both  females  displayed  the  same  playfulness  with  the 
male  as  did  those  above,  during  the  entire  test.  The  completeness  of 
hypophysectomy  was  shown  by  the  soft  hair,  closed  vagina,  constant 
daily  weights  and  atrophied  genital  tracts.  No  macroscopic  sign  of 
pituitary  tissue  was  found. 

Females  in  constant  estrus.  Ten  females  in  constant  estrus  from 
ovaries  transplanted  into  the  tail,  ears  or  other  sites  w^ere  all  tested 
once  with  two  strong  males.  No  responses  were  made  by  the  males. 
One  other  such  female  ignored  an  estrous  female.  Apparently,  con¬ 
stant  stimulation  of  the  vagina  is  possible  by  hormones  which  are 
insufficient  in  quantity  or  type  to  maintain  estrous  behavior. 

Testosterone-treated  females.  A  summary  of  the  reactions  between 
testosterone-treated  females  and  estrous  females  is  given  in  table  2 
and  of  reactions  between  testosterone-treated  females  and  normal 
males  in  table  3.  Treatment  was  identical  for  rats  15  through  844, 
each  of  which  received  0.125  mg.  of  testosterone  propionate*  daily 
from  birth  until  after  the  days  on  which  they  were  tested,  with  the 
exception  of  rats  315  and  316  in  which  the  injections  were  stopped 
on  day  73,  and  rat  15,  in  which  injections  were  stopped  on  day  150. 
Female  rats  1856,  1858  and  1859  received  0.05  mg.  of  the  androgen 
daily  from  the  day  after  birth  to  31  days  of  age,  and  again  from  the 
47th  to  the  71st  day  of  age. 

The  data  in  table  2  indicate  that  these  testosterone-treated  fe¬ 
males  did  not  possess  a  strong  sex  drive,  especially  those  receiving 
the  higher  doses.  The  treated  females  displayed  no  interest  in  chasing 
or  activating  the  normal  estrous  females,  so  that  these  tests  were 
generally  mutually  apathetic,  except  for  the  occasional  chance  en¬ 
counters  which  did  result  in  copulations  or  fights.  There  is  a  com¬ 
paratively  stronger  degree  of  masculinity  among  those  that  received 
0.05  mg.  daily,  which  may  indicate  that  small  doses  of  androgen  are 
more  effective  than  larger  ones  in  activating  masculine  behavior. 
No  spasmic  reaction  was  ever  seen  in  testosterone-treated  females, 
and  lordosis  was  observed  once,  occurring  in  rat  314  when  255  days 
old  (table  3).  Antagonism  is  recorded  in  tables  2  and  3  as  the  number 
of  distinct  fights  per  test.  In  some  tests  fighting  was  continuous.  The 
data  in  table  2  show  a  much  higher  incidence  of  fighting  in  the  testos¬ 
terone-treated  females  of  stronger  drive  than  in  those  with  a  response 
index  of  zero.  Ball  (1940)  has  noted  unusual  quarrelsomeness  aroused 

*  Perandren,  liberally  supplied,  as  was  estradiol-3-benzoate-17-n-butyrate,  by  the 
Ciba  Pharmaceutical  Products,  Inc.,  Summit,  N.  J. 
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Table  2.  Perforuance  of  testosterone-treated 

FEMALES  WITH  NORMAL  ESTROUS  FEMALES  | 


Female 

No. 

Age 

Total 

Dose 

Cl 

Co 

Sp 

R.I. 

Fi 

days 

mg. 

844 

81 

10.1 

1 

36 

0 

2 

146 

18.1 

0 

0 

0 

0 

170 

21.1 

0 

0 

0 

1.6 

1 

1856‘ 

43 

1.55 

0 

0 

0 

0 

59 

2.25 

12 

15 

0 

0 

96 

2.80 

3 

4 

0 

1.3 

3 

1858> 

59 

2.25 

1 

0 

0 

0 

96 

2.80 

2 

4 

0 

1 

96 

2.80 

2 

15 

0 

1.0 

2 

841 

81 

10.1 

0 

0 

0 

0 

170 

21.1 

0 

5 

0 

0.3 

1 

314 

255 

31.8 

0 

0 

0 

0 

255 

31.8 

0 

0 

0 

0 

0 

345 

210 

26.2 

0 

0 

0 

1 

210 

26.2 

0 

0 

0 

0 

210 

26.2 

0 

0 

0 

0 

1 

842 

81 

10.1 

0 

0 

0 

0 

0 

843 

81 

10.1 

0 

0 

0 

0 

146 

18.1 

0 

0 

0 

0 

0 

1859> 

59 

2.25 

1 

0 

0 

0 

65 

2.50 

0 

0 

0 

0 

96 

2.80 

0 

0 

0 

0 

0 

*  No  injections  from  day  32  through  day  46. 

Each  female  injected  daily  from  birth  with  testosterone  propionate.  All  tests  15 
min.  Cl  =  clasps,  Co  =  copulations,  Sp —spasms,  R.I.  —  Response  Index,  Fi  — fights. 

Table  3.  Performance  between  testosterone-treated  Females 

AND  NORMAL  MALES 


Female 

No. 

Score  by  Female  on  Male 

Score  by  Male  on  Female 

Age 

Dose 

Cl 

Co 

Sp 

Male 

No. 

ci 

Co 

Sp 

Fi 

15 

days 

133 

mg. 

16.6 

0 

0 

0 

26 

0 

3 

0 

0 

162 

18.6 

0 

0 

0 

148 

0 

19 

0 

0 

162 

18.6 

0 

0 

0 

148 

0 

5 

1 

0 

16 

133 

16  6 

0 

0 

0 

26 

0 

3 

0 

0 

17 

133 

16.6 

0 

0 

0 

26 

0 

3 

0 

0 

314 

247 

30.8 

0 

0 

0 

550 

1 

6 

0 

0 

247 

30.8 

0 

0 

0 

550 

0 

0 

0 

01 

255 

31.8 

0 

0 

0 

554 

0 

0 

0 

1 

255 

31.8 

0 

0 

0 

550 

0 

0 

0 

1 

255 

31.8 

0 

0 

0 

555 

0 

1 

0 

1 

315 

78 

9.3 

0 

0 

0 

(3  males) 

0 

7 

0 

0 

316 

78 

9.3 

0 

0 

0 

(3  males) 

0 

4 

0 

0 

344 

210 

26.3 

0 

0 

0 

550 

0 

0 

0 

1 

345 

210 

26.3 

0 

0 

0 

550 

0 

0 

0 

1 

210 

26.3 

0 

0 

0 

550 

0 

0 

0 

0 

210 

26.3 

0 

0 

0 

554 

0 

0 

0 

0 

841 

81 

10.1 

0 

0 

0 

.  785 

0 

0 

0 

01 

170 

21.1 

0 

0 

0 

554 

0 

0 

0 

01 

842 

81 

10.1 

0 

0 

0 

785 

0 

0 

0 

01 

843 

81 

10.1 

0 

0 

0 

785 

0 

0 

0 

01 

146 

18.1 

0 

0 

0 

554 

0 

0 

0 

1* 

844 

81 

10.1 

0 

11 

0 

878 

1 

1 

0 

2 

81 

10.1 

0 

2 

0 

785 

0 

0 

0  constant 

‘  These  tests  were  for  6,  5,  7,  9,  6,  7  min.,  respectively.  All  others  15  min. 

Each  female  injected  daily  from  birth  with  testosterone  propionate.  Cl  —  clasps, 
Co  —  copulations,  Sp— spasms,  Fi  — fights. 
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in  normal  females  by  testosterone-treated  females  and  also  among 
the  latter  themselves. 

Only  one  testosterone-treated  female  (844)  ever  copulated  on 
males  or  showed  any  interest  in  them,  whereas  some  males  were 
attracted  to  these  females,  in  spite  of  the  closed  vagina  and  enlarged, 
protruding  clitoris  (table  3).  This  is  evidence  that  testosterone  treat¬ 
ment  in  the  female  does  not  eliminate  all,  if  any,  of  the  attractive 
stimuli  for  the  male.  Only  slight  antagonism  was  displayed  between 
certain  males  and  the  testosterone-treated  females,  except  during  the 
copulations  by  female  844.  These  were  made  on  both  males  in  spite 
of  their  constant,  fierce,  defensive  reactions,  and  during  which  period 
male  878  copulated  on  the  female  once.  One  spasmic  reaction  occurred 
in  a  male  that  copulated  on  one  of  these  treated,  anatomically  ab¬ 
normal  females. 

Estradiol-treated  females.  One  hybrid  female,  1627,  received  0.025 
mg.  of  estradiol-3-benzoate-17-n-butyrate  (50  r.u.)  daily  from  the 
second  to  the  47th  day  of  age,  a  total  of  1.1  mg.  The  vagina  opened 
on  the  15th  day  and  when  44  days  old  the  animal  w  as  tested  with  a 
much  larger  estrous  female.  After  one  minute  and  10  seconds  she 
clasped,  and  at  1.5  minutes  she  copulated  perfectly,  with  both  foreleg 
palpation  and  pelvic  thrusts.  At  the  end  of  15  minutes,  20  seconds, 
she  had  copulated  101  times,  with  no  spasms.  Licking  of  the  genitals 
occurred  first  at  14  minutes,  20  seconds,  after  the  97th  copulation, 
and  it  then  became  of  frequent  occurrence  in  all  later  tests.  At  46 
days  of  age,  she  made  the  first  perfect  spasmic  reaction,  body  bent 
over  and  thrown  backwards  in  a  rapid  w’alk.  The  complete  record 
with  estrous  females  is  given  in  table  4,  and  for  comparison  with 
normal  males,  the  following  are  the  best  single  scores  of  the  3  most 
vigorous  males:  4-36-6,  0-66-6,  0-48-9;  their  respective  total  response 
indices  are  4.7,  4.7,  6.9.  Thus  only  one  normal  male  had  a  higher 
response  index  than  this  sex-reversed  female.  All  normal  males  wrere 
always  strongly  attracted  to  this  animal  and  chased  her  constantly, 
yet  no  male  ever  succeeded  in  copulating,  for  her  reaction  to  every 
male  was  extremely  antagonistic,  and  every  test  with  a  male  was  one 
continuous  fight.  A  very  scabby  coat  and  ‘moth-eaten’  appearance 
developed  by  90  days  of  age,  a  reaction  characteristic  of  estradiol- 
treated  males  and  females.  The  clitoris  became  eroded  and  was 
sloughed  off,  which  also  occurred  in  all  other  estradiol-treated  females. 
Masculinity  was  still  strong  at  160  and  182  days  of  age,  but  a  decline 
from  previous  activity  was  evident. 

Three  females,  1706,  1707,  1709,  received  daily  injections  of  0.025 
mg.  of  the  estrogen  from  birth  to  26  days  of  age.  Tested  at  43  days  of 
age,  tw'o  made  clasping  responses,  and  one  copulated  5  times.  When 
several  further  tests  had  revealed  no  masculinity  beyond  clasping, 
injections  were  resumed  in  1707  and  1709  from  the  76th  to  the  115th 
day  and,  as  seen  in  table  4,  copulatory  and  spasmic  reactions  ap¬ 
peared  later.  However,  1706  made  copulations  at  73,  103  and  110 
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Table  4.  Pbrpobkancb  of  bstbadiol-tbbated  females  with 

NORMAL  ESTROU8  FEMALES 


Female 

No. 

Age 

Dose 

Cl 

Co 

Sp 

R.I. 

Fi 

days 

mg. 

1627 

44 

1.050 

1 

98 

0 

0 

45 

1.075 

0 

0 

0 

1 

46 

1.100 

1 

15 

1 

7 

46 

1.100 

5 

37 

9 

3 

56 

1.125 

4 

64 

3 

0 

67 

1.125 

2 

53 

6 

0 

91 

1.125 

3 

3 

0> 

1‘ 

121 

1.125 

4 

4 

0» 

1 

160 

1.125 

0 

7 

0> 

0 

182 

1.125 

0 

8 

0 

5.4 

0 

1707 

36 

0.675 

1 

0 

0 

1 

43 

0.675 

3 

5 

0 

1 

46 

0.675 

6 

0 

0 

0 

57 

0.675 

1 

0 

0 

0 

73 

0.675 

0 

0 

0 

0 

99 

1.275 

0 

3 

1 

2 

' 

103 

1.375 

1 

7 

0 

0 

110 

1.550 

0 

10 

2 

0 

138 

1.675 

0 

0 

0 

0.5 

2 

1905 

43 

1.00 

8 

3 

0 

0 

55 

1.00 

0 

0 

0 

0 

58 

1.00 

2 

0 

0 

0.4 

0 

1709 

36 

0.675 

0 

0 

0 

0 

43 

0.675 

6 

0 

0 

0 

46 

0.675 

3 

0 

0 

0 

57 

0.675 

1 

0 

0 

0 

73 

0.675 

3 

0 

0 

0 

99 

1.275 

0 

0 

0 

0 

103 

1.375 

1 

0 

0 

0 

108 

1.500 

2 

4 

0 

0 

no 

1.550 

4 

2 

0 

0.2 

0 

1706 

36 

0.675 

0 

0 

0 

0 

43 

0.675 

2 

0 

0 

1 

47 

0.675 

0 

0 

0 

0 

57 

0.675 

0 

0 

0 

0 

73 

0.675 

2 

2 

0 

0 

99 

0.675 

0 

0 

0 

0 

103 

0.675 

0 

6 

0 

0 

108 

0.675 

0 

0 

0 

0 

no 

0.675 

5 

1 

0 

1 

122 

1.175 

1 

0 

0 

0 

138 

1.175 

0 

0 

0 

0.2 

2 

1903 

27 

0.50 

0 

0 

0 

0 

39 

1.00 

2 

1 

0 

0 

48 

1.00 

0 

0 

0 

0 

55 

1.00 

0 

0 

0 

0.1 

0 

1906 

48 

1.00 

2 

0 

0 

0 

55 

1.00 

0 

0 

0 

0 

58 

1.00 

3 

0 

0 

0.1 

0 

1904 

55 

1.00 

0 

0 

0 

0 

0 

These  three  tests  were  for  5,  8  and  3  minutes,  respectively. 

Animals  injected  from  birth.  All  tests  15  min.  Cl » clasps,  Co  =  copulations, 
Sp —spasms,  R.I.  —  Response  Index,  Fi  —  fights. 

days  of  age  without  these  injections,  and  was  injected  from  the  111th 
to  the  115th  day  without  observed  effect.  The  results  with  these  4 
females  indicate  that  early  injections  of  estrogen  are  more  effective 
than  later  ones  in  reversing  genetic  female  behavior,  and  that  about 
1.0  mg.  is  required.  The  three  females  all  lacked  the  strong  attraction 
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for  normal  males  which  marked  1627,  and  they  also  lacked  the  fierce 
resistance  of  this  animal  to  any  approaches.  Thus,  some  normal  males 
ignored  each  one,  but  others  clasped  and  copulated  on  1707  and  1709, 
either  in  spite  of  or  without  resistance. 

In  analyzing  the  rdles  of  age  and  gonads  in  the  behavior  response, 
a  problem  not  completed,  4  females  (1903-1906)  received  0.1  mg.  of 
the  estradiol  double  ester  daily  from  the  22nd  to  the  32nd  day  of  age, 
a  total  of  1.0  mg.  Although  these  large  amounts  retarded  growth 
severely,  the  data  in  table  4  show  that  some  sexual  activity  was 
present.  Three  uninjected  sisters  ignored  the  estrous  female  at  55 
days  of  age.  None  of  this  group  was  tested  with  males. 

Two  females  of  a  hybrid  litter  of  5  were  castrated  at  10  days  of 
age,  and  all  5  received  0.025  mg.  of  the  estradiol  double  ester  daily 
from  the  10th  to  the  50th  day  of  age.  The  data  in  table  5  indicate 


Table  6.  Perfobmance  of  estbadioi/-treated  females  with  normal 
ESTBOnS  FEMALES  AND  WITH  NORMAL  MALES 


Female 

No. 

Score  by  Estrogen-treated  Female 
on  Estrous  Female 

Score  by  Normal  Male  on 

Estrogen-treated  Female 

Age  Dose 

Cl 

Co 

Sp 

R.I. 

Fi 

Cl 

Co 

Sp 

Arches  Fi 

days 

mg. 

1868 

33 

0.60 

7 

0 

0 

0 

60 

1.00 

3 

20 

0 

0 

• 

65 

1.00 

7 

0 

0 

1.3 

0 

0 

0 

0 

0 

constant* 

1866 

33 

0.60 

0 

2 

0 

0 

56 

1.00 

0 

19 

0 

0 

0 

5 

0 

4 

2* 

60 

1.00 

7 

0 

0 

0 

75 

1.00 

7 

0 

0 

0.9 

0 

0 

8 

0 

0 

constant* 

1870* 

56 

1.00 

0 

10 

0 

0 

0 

3 

2 

5 

constant* 

60 

1.00 

3 

2 

0 

0.9 

0 

1869* 

33 

0.60 

0 

0 

0  . 

0 

56 

1.00 

0 

0 

0 

0 

0 

8 

0 

5 

2* 

60 

1.00 

0 

0 

0 

0 

0 

1867 

33 

0.60 

0 

0 

0 

0 

0 

‘  These  five  tests  were  for  3,  7,  13,  5,  and  4  minutes,  respectively. 

*  Castrated  at  10  days. 

Injected  with  0.025  mg.  daily  from  day  10  to  day  50.  All  tests  15  min.  Cl  =  clasps, 
Co  =  copulations,  Sp»  spasms,  R.  I. —  Response  Index,  Fi  — fights. 

no  differences  between  the  reactions  of  the  injected  castrated  and 
injected  intact  animals.  Responsiveness  to  estrous  females  occurred 
in  the  intact  females  (1866,  1867,  1868),  and  in  one  castrated  one 
(1870),  but  not  in  the  other  (1869).  Both  intact  and  castrated  females 
were  very  attractive  to  normal  males  but  continually  resisted  their 
persistent  approaches,  and  yet  lordosis  was  observed  a  number  of 
times  in  both  types. 

These  data  suggest  the  following  conclusions.  Masculinization  of 
the  female  rat  by  estradiol  is  most  effective  when  treatment  is  begun 
in  the  first  few  days  of  life,  and  the  effect  persists  long  after  the  in¬ 
jections  end,  but  the  intensity  of  drive  diminishes.  Injections  begun 
when  the  animal  is  older  tend  to  establish  a  partly  ambisexual  indi¬ 
vidual  which  is  attracted  to  females  and  is  attractive  to  them,  which 
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attracts  males  strongly,  but  then  strongly  resists  their  advances,  and 
yet  can  arch.  The  reaction  patterns  of  the  females  treated  at  an  older 
age  with  estradiol  are  like  those  of  males  that  are  treated  at  an  early 
age  wdth  estradiol,  in  that  both  are  masculine  in  their  reactions 
towards  females  and  yet  are  attractive  to  males,  for  whom  they  arch 
(unpublished  data).  Treatment  of  the  female  at  an  early  age  com¬ 
pletely  prevents  the  genetic  mechanisms  which  control  behavior  from 
becoming  established  normally  and  promotes  functioning  of  the  other¬ 
wise  suppressed  masculine  behavior  systems.  Masculinization  of  be¬ 
havior  in  the  castrated  female  guinea  pig  by  estrogen  or  by  estrogen 
and  progesterone  w^as  obtained  by  Young  and  Rundlett  (1939),  and 
masculinization  of  the  reproductive  tracts  in  the  female  offspring  of 
estrogen-treated  pregnant  females  was  found  by  Greene,  Burrill  and 
Ivy  (1939).  The  masculinizing  action  of  the  female  hormone  in  the 
female  is  therefore  corroborated. 

Effect  of  gonadotropic  infections.  An  alcohol  precipitate  of  human 
pregnancy  urine  w^as  injected  into  2  females  from  birth,  1  r.u.  daily 
to  43  days  of  age.  Vaginas  opened  on  the  22nd  day.  When  tested  with 
an  estrous  female  on  the  35th  day,  one  female  clasped  several  times, 
but  the  other  did  not  react.  On  the  39th  day,  one  made  8  clasps,  the 
other  24.  On  the  43rd  day  of  age,  one  made  12  clasps  and  6  copula¬ 
tions;  the  other,  8  clasps,  6  copulations.  They  were  then  placed  with 
breeding  males  and  bore  litters  on  the  85th  day.  The  results  suggest 
that  estrogen  released  from  the  ovaries  at  an  early  age  was  the 
masculinizing  factor,  but  this  should  of  course  be  confirhied  in  cas¬ 
trated  injected  females. 


DISCUSSION 

An  outstanding  fact  derived  from  studies  of  sexual  behavior  is  the 
ease  of  achieving  upsets,  bisexuality,  and  reversals  of  such  behavior 
in  either  genetic  males  or  females,  merely  by  administration  of  certain 
chemical  substances.  In  other  words,  a  fundamental  biological  charac¬ 
teristic  such  as  sexual  behavior  can  be  extensively  or  completely 
altered  in  direction  and  purpose  by  administered  hormones  which  so 
alter  the  nervous  system  as  to  override  the  pattern  of  reactions  that 
normally  correspond  to  the  genetic  constitution.  In  terms  of  nervous 
function,  sex-reversal  is  a  re-routing  of  stimulus-response  mecha¬ 
nisms.  Endocrine  treatment  disrupts  all  or  some  of  the  normal  organ¬ 
ization  of  the  nervous  and  endocrine  systems,  so  that  attractive 
stimuli,  receptivity,  resistance,  arching,  vaginal  stages  and  primary 
sexual  anatomy,  all  lose  their  usual  correlations  and  coordinations. 
To  a  normal  female  rat,  the  stimuli  from  an  estrous  female  are  in¬ 
different  as  far  as  overt  sexual  behavior  is  concerned,  but  to  the  fe¬ 
male  with  behavior  reversal,  the  same  stimuli  strongly  activate 
neuro-muscular  patterns  of  approach,  pursuit,  mounting  and  copu¬ 
lation.  Schematic  diagrams  of  the  r61e  of  receptors  and  effectors  as 
they  must  function  over  alternate  routes  for  activation  of  either  male 
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or  female  behavior  have  been  represented  by  Beach  (1942).  The  site 
of  action  of  the  administered  hormones  in  creating  a  dominance  of 
normally  suppressed  routes  and  suppressing  the  genetically  normal 
routes  remains  to  be  found.  A  locus  of  ambisexual  potency  could  be 
involved,  as  the  work  of  Pfeiffer  (1936)  demonstrated  the  modifica¬ 
tion  of  the  pituitary  according  to  gonadal  stimuli.  According  to  such 
a  concept,  the  sex  hormones  would  act  on  the  pituitary  to  change  its 
hormonal  output  and  thus  indirectly  act  on  the  behavior  routes  of 
the  nervous  system.  However,  in  any  attempt  to  incorporate  either 
a  luteinizing  or  follicle  stimulating  factor  in  a  gonad-pituitary  control 
over  behavior,  it  becomes  impossible  to  include  all  types  of  treated 
animals.  Although  some  other  pituitary  factor  might  be  the  effective 
one,  it  is  also  possible  that  the  gonadal  hormones  act  directly  on  some 
portion  of  the  sensory-motor  system,  at  one  or  more  of  the  special 
areas  on  the  pathways  from  end-organ  to  muscle.  But  whether  the 
sex  hormones  act  directly  or  indirectly,  the  sensory-motor  systems 
are  still  the  ultimate  functional  locus  of  reversal,  and  it  follows  that 
the  nervous  system  is  potentially  ambisexual.  Double  testing  of 
treated  individuals  has  brought  out  the  significant  fact  that  both 
sexes  always  have  the  genetically  established  complete  neuromuscular 
structures  and  latent  functional  capacities  for  both  masculine  and 
feminine  reactions,  and  these  can  function  side  by  side  in  the  same 
individual.  Therefore  the  occasional  untreated  female  with  tendencies 
to  masculine  behavior  is  a  deviation  from  normal  development,  not 
a  major  genetic  abnormality.  A  normal  female  becomes  responsive  to 
male  stimuli,  but  the  basis  for  reacting  to  females  is  and  remains 
present  in  every  female,  so  that  either  extraneously  applied  hormones 
or  an  endogenous  imbalance  can  permanently  or  temporarily  modify 
the  reception  or  transmission,  or  both,  of  sexual  stimuli,  thereby 
creating  the  overt  behavior  reversal. 

The  normal  female  undergoes  marked  cycles  of  behavior:  in 
anestrus,  the  stimulus  ‘male’  is  either  indifferent  or  else  activates 
muscular  patterns  of  defense  and  fighting  in  the  female ;  in  heat,  the 
presence  of  the  same  stimulus  ‘male’  does  not  activate  fighting,  but 
running,  which  is  superimposed  on  the  other  ‘spontaneous’  activities 
of  the  estrous  female.  A  different  set  of  stimulus-response  mechanisms 
is  now  functioning  in  the  female.  The  transitions  in  and  out  of  heat 
are  not  abrupt;  that  is,  these  two  alternative  behavior  systems  ex¬ 
change  function  slowly,  as  hormone  levels  wax  and  wane.  The  process 
of  complete  masculinization  also  seems  to  be  a  gradual  irreversible 
exchange  of  function,  with  neutral  types  possible,  probably,  produced 
by  intermediate  dosage  levels.  From  the  work  of  Boling  and  Blandau 
(1939),  Boling,  Blandau,  Rundlett  and  Young  (1941),  and  Beach 
(1942),  it  appears  that  more  detailed  knowledge  of  the  effects  of 
estrogens  and  progesterone  will  elucidate  much  of  the  hormonal  con¬ 
trol  of  sexual  behavior. 
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SUMMARY 

The  sexual  behavior  of  normal,  castrated,  and  hormone-treated 
females  is  described  and  discussed.  For  the  behavior  of  females,  the 
term  spasm  is  suggested  to  denote  the  visible  equivalent  of  ejacula¬ 
tion,  since  the  latter  cannot  occur.  Copulation  on  an  estrous  female 
by  a  normal  virgin  female  was  observed  at  the  age  of  42  days  and  at 
50  days.  Females  injected  from  birth  with  testosterone  propionate 
copulated  on  estrous  females,  but  no  spasmic  reactions  occurred.  The 
testosterone-treated  females  were  also  attractive  to  normal  males, 
who  made  copulations  and  spasms  frequently,  in  spite  of  the  abnor¬ 
mal  female  anatomy.  One  testosterone-treated  female  copulated  on 
two  normal  males,  in  spite  of  strong  resistance.  Females  injected 
from  birth  with  estradiol  show  strong  masculine  behavior,  including 
the  spasmic  reaction.  Masculinity  persists  long  after  injections  cease, 
and  approximately  2000  b.u.  are  necessary  for  reversal.  Although 
normal  males  are  strongly  attracted  to  these  females,  the  latter  resist 
them  constantly,  but  may  arch  occasionally,  if  caught.  In  sex-re¬ 
versal,  the  hormones  upset  the  established  organization  of  behavior 
and  stimulate  the  functioning  of  other  sensory-motor  routes,  which 
are  normally  suppressed.  In  this  reorganization  of  behavior  patterns, 
the  pituitary  is  probably  not  involved,  and  the  sex  hormones  prob¬ 
ably  act  directly  on  some  part  of  the  central  nervous  system.  The 
female  rat  is  genetically  endowed  with  the  nervous  and  muscular 
organization  for  both  male  and  female  behavior,  and  these  two  sys¬ 
tems  can  function  concurrently  in  the  same  individual. 

The  author  wishes  to  express  his  appreciation  to  Professor  Emil  Witschi  for  sug 
gesting  this  problem  and  for  his  constant  interest  throughout  the  progress  of  the  work 
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DECREASED  PHOSPHORUS  APPETITE  OF 
PARATHYROIDECTOMIZED  RATS 

CURT  P.  RICHTER  and  SYLVIA  HELFRICK» 

From  the  Phipps  Psychiatric  Clinic,  Johns  Hopkins  Hospital 

BALTIMORE,  MARYLAND 

In  previous  self-selection  experiments  it  was  found  that  after 
parathyroidectomy  rats  manifested  an  increased  appetite  for  calcium 
and  that  when  they  were  allowed  to  regulate  their  calcium  intake  they 
not  only  survived  but  remained  free  from  tetany.  The  parathyroidec- 
tomized  rats  thus  indicated  by  their  appetite  that  they  needed  more 
calcium  (Richter  and  Eckert,  1936). 

This  method  has  now  been  applied  to  the  study  of  the  phosphorus 
needs  of  parathyroidectomized  rats.  Do  these  rats  indicate  with  their 
appetite  that  they  need  more  or  less  phosphorus? 

METHODS 

Essentially  the  same  technique  was  used  as  in  the  previous  studies.  Each 
rat  was  kept  in  an  individual  cage  containing  a  food  cup  and  two  graduated 
inverted  100  cc.  drinking  fountains.  Eight  74-day-old  male  rats  were  put 
on  a  diet  low  in  phosphorus  made  according  to  the  following  formula: 


Special  anhydrous  dextrose 

490  gm. 

Egg  albumen 

180  gm. 

Corn  starch 

200  gm. 

Purified  cottonseed  oil 

50  gm. 

Salts* 

40  gm. 

Thiamin  hydrochloride 

25  mg. 

Riboflavin 

25  mg. 

Nicotinic  Acid 

250  mg. 

Ascorbic  Acid 

500  mg. 

Calcium  lactate 

200  mg. 

The  rats  had  access  to  two  drinking  fountains,  one  filled  with  tap  water, 
the  other  with  a  1  per  cent  solution  of  dibasic  sodium  phosphate.  The  intake 
of  fluids  and  food  was  recorded  daily;  body  weight  was  recorded  weekly. 

On  the  87th  day  after  being  placed  on  the  low  phosphorus  diet  the  8  rats 
were  parathyroidectomized  and  divided  into  two  groups.  From  the  38th 
to  the  62nd  days  after  parathyroidectomy  the  4  rats  of  the  first  group 
received  daily  subcutanous  injections  of  parathyroid  extract*  (0.3  cc.).  From 
the  40th  to  the  83rd  days  after  parathyroidectomy  the  4  rats  of  the  other 


Received  for  publication  September  27,  1943. 

*  Henry  Strong  Denison  Scholar,  1943-1944. 

*  NaCl,  10.6  gm.;  KCl,  43.0  gm.;  CaLa,  14.9  gm.;  CaCO*,  21.0  gm.;  MgSO«,  9.0 
gm.;  Fe  Citrate,  1.47  gm.;  MnS04,  0.02  gm.;  KCl*  (S04)4+2Hi0,  0.009  gm.;  CUSO4 
+6HiO,  0.039  gm.;  NaF,  0.057  gm.;  KI,  0.005  gm. 
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group  received  dihydrotachysterol®  (A  T  10)  with  the  low  phosphorus  diet 
(1  cc.  of  A  T  10  per  100  gm.  of  food). 

RESULTS 

Figure  1  gives  a  typical  record  of  one  of  the  8  rats.  The  ordinates 
show  fluid  intake,  the  abscissae  age  in  days.  Before  parathyroidec¬ 
tomy  the  rat  took  large  amounts  of  the  dibasic  sodium  phosphate 
solution  and  little  or  no  water.  After  parathyroidectomy  it  decreased 
its  dibasic  sodium  phosphate  intake  by  about  half.  It  started  at  once 


Fig.  1.  Typical  graph  from  the  record  of  a  rat  showing  the  effect  produced  in  the 
daily  intake  of  water  and  of  a  1  per  cent  solution  of  dibasic  sodium  phosphate  by  para- 
th3rroidectomy  and  subsequent  treatment  with  daily  injections  of  parathyroid  extract. 

to  take  much  larger  amounts  of  water.  Treatment  with  parathyroid 
extract  again  reversed  the  appetites,  the  rat  increasing  its  phos¬ 
phate  intake,  not  only  to  the  preoperative  level,  but  even  above, 
and  decreasing  its  water  intake  to  a  low  level.  After  discontinuation 
of  the  treatment  the  intakes  of  the  water  and  the  mineral  solution 
returned  to  their  pretreatment  levels. 

Table  1  summarizes  the  results  of  the  observations  made  on  the 
8  rats.  The  average  daily  intake  of  dibasic  sodium  phosphate  solution 
decreased  from  13.5  cc.  for  the  last  10  days  before  parathyroidectomy 

*  Eli  Lilly  and  Company  kindly  provided  the  parathyroid  extract  and  Winthrop 
Chemical  Company  the  dihydrotachysterol. 
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to  7.9  cc.,  while  the  water  intake  increased  from  3.0  to  7.6  cc.  All  8 
rats  showed  essentially  the  same  change. 

Table  1  shows  further  that  for  the  4  rats  of  group  1  parathyroid  ex¬ 
tract  injections  increased  the  average  daily  intake  of  the  phosphorus 
solution  from  8.7  cc.  for  the  20  to  30  days  after  parathyroidectomy 
to  15.2  cc.  for  the  last  10  days  of  treatment,  which  was  slightly  above 
the  level  before  parathyroidectomy.  In  the  20  to  30-day  period 
following  discontinuation  of  the  treatment  the  intake  decreased  again 
to  a  level  8.9  cc.  which  was  almost  exactly  the  same  as  that  before 
treatment  was  started.  Water  intake  showed  the  opposite  changes 
throughout.  Food  intake  remained  essentially  the  same. 


Table  1.  Avebaob  daily  intake  of  fluids  and  food  by  fabathyboidectomued  bats. 


Dibasic  Sodium 
Phosphate  Intake 

Tap  Water  Intake 

Low  Phosphorus  Food  Intake 

Rat 

No. 

10 

days 

before 

oper¬ 

ation 

20-30 

days 

after 

oper¬ 

ation 

Last 

10 

days  of 
treat¬ 
ment 

20-30 

days 

after 

treat¬ 

ment’ 

10 

days 

before 

opera¬ 

tion 

20-30 

days 

after 

opera¬ 

tion 

Last 

10 

days  of 
treat¬ 
ment 

20-30 

days 

after 

treat¬ 

ment 

10 

days 

before 

opera¬ 

tion 

20-30 

days 

after 

opera¬ 

tion 

Last 

10 

days  of 
treat¬ 
ment 

20-30 

days 

after 

treat¬ 

ment 

CC. 

CC. 

CC. 

CC. 

CC. 

CC. 

CC. 

B 

am. 

gm. 

gm. 

gm. 

Group  1,  Parathyroid  extract  injectiont 


239  Z 

12.9 

8.4 

21.0 

10.6 

BB 

3.1 

10.7 

8.4 

8.4 

8.4 

9.2 

244  Z 

16.4 

8.7 

10.0 

7.9 

9.3 

9.7 

8.4 

8.4 

8.7 

8.0 

245  Z 

15.4 

9.8 

15.7 

9.4 

5.7 

9.2 

7.8 

8.1 

8.6 

8.6 

246  Z 

■IiM 

7.7 

14.2 

2.7 

3.1 

9.0 

6.5 

7.6 

7.3 

8.2 

Average 

13.6 

8.7 

15.2 

KB 

5.3 

9.7 

7.8 

8.1 

8.3 

8.5 

Group  t,  A  T  to  in  low  photphut  diet 


240  Z 

KEd 

3.2 

11.9 

3.4 

13.3 

3.0 

15.2 

5.9 

7.0 

4.2 

6.5 

241  Z 

15.6 

11.2 

18.1 

3.0 

6.5 

1.3 

4.3 

9.6 

9.9 

6.7 

8.1 

242  Z 

12.1 

8.1 

13.5 

1.3 

1.6 

3.8 

7.5 

7.7 

6.1 

6.4 

243  Z 

12.1 

6.1 

11.8 

2.6 

Hi 

3.6 

7.3 

6.9 

6.9 

7.1 

Average 

13.5 

7.2 

13.8 

mm 

2.6. 

mkm 

2.4 

7.7 

mm 

7.9 

6.7 

7.0 

Total 

Average 

13.5 

7.9 

14.5 

8.1 

3.0 

7.6 

3.8 

8.7 

H 

8.0 

7.0 

7.7 

‘  Stock  diet. 


The  4  rats  of  group  2  which  received  the  A  T  10  diet  showed  al¬ 
most  identically  the  same  changes  in  the  intake  of  dibasic  sodium 
phosphate,  water  and  food,  as  were  shown  by  the  rats  in  group  1  on 
the  treatment  with  parathyroid  extract  injections. 


DISCUSSION 

In  these  experiments  the  parathyroidectomized  rats  indicated  by 
their  appetites  that  they  needed  less  phosphorus  than  before  opera¬ 
tion..  This  result  is  in  keeping  with  the  fact  that  parathyroidectomy 
increases  the  phosphorus  content  of  the  blood  above  its  normal  level. 
That  parathyroidectomized  rats  thrive  on  a  reduced  phosphorus  in¬ 
take  is  show  n  by  the  results  of  other  experiments  in  which  parathy¬ 
roidectomized  rats  on  a  high  phosphorus  diet  showed  a  100  per  cent 
mortality  while  on  a  low'  phosphorus  diet  all  rats  survived  and  re¬ 
mained  in  good  health. 
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By  their  appetites  the  rats  indicated  further  that  under  treatment 
with  parathyroid  extract  or  A  T  10  they  again  needed  more  phosporus 
Parath3rroid  hormone  had  a  more  immediate  and  greater  effect  on  the 
phosphorus  appetite  than  it  had  in  previous  experiments  on  the  cal¬ 
cium  appetite  (Richter  and  Birmingham,  1941).  This  agrees  with  the 
observation  that  parathyroid  hormone  acts  more  directly  on  phos¬ 
phorus  than  on  calcium  metabolism  (Albright,  Sulkowitch  and 
Bloomberg,  1939). 

Shelling  (1932)  and  Bodansky  and  Duff  (1941)  reported  that  para- 
thyroidectomized  rats  have  a  marked  anorexia,  often  refusing  their 
food  altogether.  They  found  that  diets  high  in  phosphorus  and  low  in 
calcium  increased  the  anorexia  while  diets  low  in  phosphorus  and  high 
in  calcium  decreased  it,  and  concluded  that  the  rats  ate  less  food  in 
order  to  avoid  taking  more  phosphorus.  In  the  experiments  in  which 
the  rats  received  a  mixture  of  food  and  phosphorus  it  was  not  possible 
to  determine  actually  whether  the  rats  wanted  less  food,  less  phos¬ 
phorus  or  less  of  both  food  and  phosphorus.  In  the  present  experi¬ 
ments  in  which  the  rats  had  access  to  food  and  phosphorus  in  sep¬ 
arate  containers  it  was  shown  clearly  that  the  rats  do  not  have  a 
general  anorexia  but  a  specific  loss  of  appetite  for  phosphorus. 

SUMMARY 

After  parathyroidectomy  8  rats  definitely  decreased  their  intake 
of  a  1  per  cent  solution  of  dibasic  sodium  phosphate  and  increased 
their  water  intake.  Their  food  intake  remained  essentially  the  same. 
Daily  injections  of  parathyroid  extract  to  4  of  these  animals  increased 
the  intake  of  dibasic  sodium  phosphate  to  its  preoperative  level  and 
decreased  the  water  intake.  The  extract  had  no  definite  effect  on  food 
intake.  Treatment  with  dihydrotachysterol  (A  T  10)  to  the  other  4 
rats  administered  in  the  food  had  much  the  same  effects  as  were  pro¬ 
duced  by  the  parathyroid  injections. 

Previous  self-selection  experiments  yielded  numerous  instances  in 
which  rats  took  more  of  substances  which  they  needed;  the  present 
experiments  give  an  instance  in  which  rats  took  less  of  a  substance 
which  they  did  not  need. 
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The  administration  of  androgenic  substances  to  intact  males  of 
several  species  is  known  to  produce  alterations  in  testicular  morphol¬ 
ogy  during  the  treatment  or  shortly  thereafter.  Moore  and  Morgan 
(1942)  have  reviewed  the  literature  on  this  subject  and  for  the  pres¬ 
ent  purpose  it  is  sufficient  to  summarize  some  of  the  results  pertaining 
to  the  rat.  Treatment  before  puberty  suppresses  testis  growth  and 
damages  the  seminiferous  epithelium  to  a  variable  extent  (Moore  and 
Price,  1932,  1937,  1938;  Biddulph,  1939;  Greene  and  Burrill,  1940; 
Rubinstein  and  Kurland,  1941;  Selye  and  Friedman,  1941;  and  Shay 
et  al.,  1941).  Treatment  with  androgens  after  sexual  maturity  also 
causes  reduction  in  testis  size  if  small  doses  are  used  (Moore  and 
Price,  1938;  Selye  and  Friedman,  1941),  although  larger  doses  are  re¬ 
ported  to  have  no  appreciable  effect  (Moore  and  Price,  1932,  1937, 
1938;  Korenchevsky,  Dennison  and  Hall,  1937;  Selye  and  Friedman, 
1941).  This  apparent  paradox  is  explained  on  the  assumption  that 
small  doses  are  sufficient  to  suppress  pituitary  gonadotropic  function 
but  not  to  maintain  the  gonads;  whereas  large  amounts  of  androgens 
are  thought  to  have  sufficient  direct  gonadotropic  action  to  maintain 
the  testes,  even  though  the  secretion  of  pituitary  gonadotropins  is 
completely  suppressed.  Atrophy  of  interstitial  tissue  has  been  noted 
after  both  large  and  small  dosages  of  androgens  (Selye  and  Friedman, 
1941). 

A  few  observations  on  the  effects  of  androgenic  substances  on 
other  aspects  of  reproduction  in  the  intact  male  rat  have  been  re¬ 
ported.  Moore  and  Price  (1937)  and  Hamilton  and  Wolfe  (1938) 
found  the  gonadotropic  potency  of  the  pituitary  gland  to  be  consid¬ 
erably  lowered  following  repeated  injections  of  synthetic  androgens. 
Stone  (1940)  induced  precocious  copulatory  activity  by  daily  injec- 

Received  for  publication  September  28,  1943. 

'  Aided  in  part  by  a  grant,  administered  by  Dr.  William  C.  Young,  from  the 
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tions  of  testosterone  propionate  for  several  days  prior  to  the  age  at 
which  such  behavior  ordinarily  appears. 

The  studies  reported  here  concern  reproductive  capacity  and  the 
morphology  and  function  of  reproductive  organs  of  adult  male  rats 
that  were  injected  with  androgenic  hormone  at  different  ages  between 
birth  and  puberty. 

METHOD 

Prepuberal  treatment  with  androgen  (testosterone  propionate*)  con¬ 
sisted  of  a  standard  injection  procedure  over  a  period  of  28  days.  One- 
twelfth  of  the  total  dose,  dissolved  in  0.05  cc.  of  peanut  oil,  was  injected 
subcutaneously  3  times  a  week  for  4  consecutive  weeks.  This  procedure 
varied  only  in  the  total  quantity  of  hormone  administered  and  the  age  of 
the  animal  when  the  treatment  was  begun.  Eighteen  males  were  injected 
between  birth  and  the  28th  day  of  life  with  total  doses  ranging  from  0.75  to 
36  mg.  Males  in  4  additional  groups  were  injected  with  doses  of  36  mg.  at 
different  age  periods:  4  were  treated  from  days  5  to  33,  4  from  days  10  to 
38,  one  from  days  15  to  43,  and  3  from  days  20  to  48.  Untreated  controls  of 
comparable  ages  were  raised  under  identical  conditions  of  nutrition  and 
caging  as  were  the  experimental  animals. 

When  the  animals  attained  an  age  ranging  from  125  to  190  days,  repro¬ 
ductive  capacity  was  studied  (by  methods  which  are  described  with  the 
results).  The  animals  were  then  killed  and  the  testes,  prostate  glands  and 
seminal  vesicles  were  removed  and  weighed.  As  each  animal  was  decapitated, 
a  smear  of  the  ejaculate  was  collected  and  examined  for  motile  spermatozoa. 
If  none  was  found,  or  if  the  animal  failed  to  ejaculate,  the  vas  deferens  was 
cut  just  above  the  seminal  vesicle  and  ‘milked’  from  the  epididymis  toward 
the  cut  end.  The  fluid  exuded  in  this  fashion  was  also  examined  for  motile 
spermatozoa.  The  testes  were  prepared  for  microscopic  study  by  fixing  in 
Bouin’s  fluid  and  staining  with  hematoxylin  and  eosin. 

RESULTS 

Fecundity,  or  the  ability  to  produce  offspring,  was  tested  in  10  of 
the  males  treated  between  birth  and  the  28th  day,  by  caging  each  for 
31  days  with  2  normal  females  of  proven  fertility.  Only  one  sired  a 
litter,  while  4  normal  males  under  identical  conditions  sired  one  or 
more  litters  each  during  this  period. 

Sexual  potency.  Since  the  above  experiment  provided  no  informa¬ 
tion  on  the  frequency  with  which  the  females  were  inseminated,  the 
remaining  8  males  of  this  age  group  and  1 1  from  the  groups  injected 
at  older  ages  were  used  to  make  a  quantitative  determination  of  sexual 
potency,  or  ability  to  inseminate  estrous  females.  Each  male  was  con¬ 
fined  with  2  or  3  females  known  to  be  experiencing  regular  estrous 
cycles.  When  spermatozoa  were  found  during  the  daily  examination 
of  vaginal  smears,  the  male  was  credited  with  a  successful  mating, 
and  the  female  was  isolated  for  verification  of  pregnancy.  The  occur- 


*  Testosterone  propionate  was  kindly  supplied  by  Ciba  Pharmaceutical  Products, 
Inc.,  Summit,  N.  J. 
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Table  1.  Sexual  potency  of  androgen-treated  hale  rats  with  normal  estrous 
FEMALES  AND  LIBIDO  WITH  RECEPTIVE  FEMALES 


Animal 

Number 

Total 

Dose 

Sexual  Potency 

Libido 

1 

Number  of 
Estrous 
Periods 

Number  of 
Insemi¬ 
nations 

Number  of 
15-Minute 
Test  Periods 

Mean  Number 
of  Mounts 
per  Period 

mg. 

i 

treated  from  birth  to  28  days  of  age 


29a 

0.75 

6 

0 

11 

<1 

29b 

0.75 

6 

4 

11 

8.1 

28a 

1.50 

6 

0 

11 

6.6 

28b 

1.50 

6 

0 

11 

0 

la 

36.0 

9 

0 

11 

<1 

lb 

36.0 

6 

0 

13 

1.9 

2a 

36.0 

7 

0 

11 

0 

2b 

36.0 

6 

0 

12 

<1 

treated  from  the  5th  to  SSrd  day  of  age 

13a 

36.0 

6 

2 

11 

13.5 

13b 

36.0 

8 

0 

11 

<1 

14a 

36.0 

6 

3 

14b 

36.0 

9 

0 

i 

treated  from  the  10th  to  the  S8th  day  of  age 

15a  1 

36.0 

13 

5 

11 

4 

15b 

36.0 

6 

4 

11 

2.2 

16a 

36.0 

11 

3 

16b 

36.0 

1  10 

0 

treated  from  the  16th  to  the  4Srd  day  of  age 

17a  1 

1  36.0 

1  7  1 

1  4  1 

1  11  1 

1  6.5 

treated  from  the  20th  to  the  48th  day  of  age 

18a 

36.0 

6 

5 

11 

10.5 

18b 

36.0 

6 

5 

11 

5.4 

18c 

36.0 

11 

4.4 

Control 

1 

6 

6 

5 

9 

2 

6 

6 

8 

19.1 

3 

7 

6 

10 

11.2 

4 

8 

7 

11 

14.3 

5 

11 

17.4 

6  , 

11 

12.9 

7 

20 

16.6 

8 

22 

14.5 

rence  of  a  typically  estrous  smear  without  sperm  was  recorded  as  a 
failure  for  the  male,  and  the  female  was  allowed  to  remaip  in  the  cage, 
unless  pseudopregnancy  was  indicated  in  subsequent  smears.  In  this 
manner  each  male  w  as  given  6  or  more  opportunities  to  inseminate 
estrous  females. 

The  results  and  the  type  of  treatment  each  male  received  are  pre¬ 
sented  in  table  1.  Injections  of  testosterone  propionate  between  birth 
and  the  28th  day  of  age  rendered  7  of  8  males  sexually  impotent  when 
tested  4  to  5  months  later.  The  exception  was  one  of  2  given  the  small¬ 
est  dose  (0.75  mg.).  Androgenic  treatment  betw^een  the  5th  and  33rd 
days  after  birth  abolished  potency  in  2  animals  and  reduced  it  in  2 
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others.  Three  of  4  males  injected  between  the  10th  and  38th  day  in¬ 
seminated  female  cage-mates  during  some  of  their  estrous  periods, 
but  with  less  frequency  than  did  normal  males.  Animals  injected 
from  the  20th  to  48th  days  exhibited  sexual  potency  that  approached 
the  level  of  that  shown  by  the  4  controls,  but  the  difference  between 
the  means  in  these  2  groups  was  found  to  be  statistically  significant. 

There  was  little  correlation  between  the  number  of  inseminations 
and  the  number  of  litters  produced,  either  by  experimental  or  control 
males.  Of  the  males  that  accomplished  insemination,  however,  each 
sired  at  least  one  litter  except  male  18a  (table  1). 

Libido.  Sexual  drive,  was  tested  in  16  males  from  the  experi¬ 
mental  groups  and  in  8  controls  by  directly  obser\dng  their  mounting 
activity  with  sexually  receptive  females.  Receptivity  (heat)  was  in¬ 
duced  in  ovariectomized  females  by  injecting  25  r.u.  of  estradiol 
benzoate®  followed  48  hours  later  by  0.4  mg.  of  progesterone®  (Boling 
and  Blandau,  1939).  In  order  that  they  might  become  familiar  with 
their  surroundings,  the  males  were  caged  individually  5  days  before 
the  first  test  and  were  kept  in  the  same  cage  throughout  the  series  of 
observations.  Each  test  consisted  of  placing  a  receptive  female  in  the 
cage  with  a  male,  allowing  her  to  remain  for  15  minutes  and  observing 
the  copulatory  activity  that  occurred  during  this  period.  Only  the 
mounts  that  included  a  conspicuous  pelvic  thrust  on  the  part  of  the 
male  were  recorded.  A  male  was  permitted  5  or  6  of  these  15-minute 
periods,  with  as  many  different  females,  in  an  evening  between  8:00 
and  11:00  f.m.  After  the  lapse  of  a  week  the  male  was  again  tested 
under  identical  conditions;  thus  in  2  evenings  each  male  was  observed 
during  a  total  of  at  least  11  such  15-minute  periods.  The  mean  number 
of  mounts  per  period  was  calculated  and  taken  as  an  index  of  libido. 

The  observations  are  summarized  in  table  1.  The  results  are  vari¬ 
able  but  demonstrate  that  the  injection  of  androgen  between  the  1st 
and  28th  days  of  life  greatly  reduces  libido  in  adult  rats.  Only  2 
animals  so  treated  with  the  smaller  doses  displayed  an  appreciable 
amount  of  activity  and  in  these  cases  the  mean  number  of  mounts 
does  not  fall  within  the  range  of  that  shown  by  the  controls.  The  fre¬ 
quency  of  mounting  of  2  animals  in  which  androgenic  treatment  was 
begun  on  the  5th  day  is  remarkably  variable;  one  of  them  rarely 
attempted  to  mount  while  the  other  mounted  as  often  and  consistently 
as  did  many  of  the  controls.  Males  injected  beginning  on  the  10th, 
15th  and  20th  days  after  birth  exhibited  a  moderate  amount  of  libido 
but,  in  general,  it  did  not  approach  the  level  of  that  shown  by  un¬ 
treated  males. 

Condition  of  testes  and  accessory  organs.  The  weights  of  testes, 
prostate  glands  and  seminal  vesicles  are  presented  in  table  2.  Animals 
receiving  androgenic  treatment  between  the  1st  and  28th  days  and 

*  Estradiol  benzoate  and  progesterone  were  supplied  through  the  courtesy  of 
Dr.  Erwin  Schwenk  of  Schering  Corporation,  Bloomfield,  N.  J. 
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killed  5  months  or  more  after  the  last  injection  showed  persistent  im¬ 
pairment  of  testis  growth.  Despite  the  small  size  of  the  testes,  the 
seminiferous  epithelium  was  intact  and  functioning:  mature  sperma¬ 
tozoa  filled  the  lumina  of  many  of  the  tubules.  Tubular  diameter,  by 
micrometer  measurement,  was  normal.  In  a  given  field  under  the 
microscope  interstitial  tissue  appeared  to  be  as  abundant  as  in  the 
control  testes.  This  normal  histologic  picture  is  difficult  to  reconcile 
with  the  abnormally  small  size,  unless  it  is  presumed  that  linear  grow 
of  the  tubules  was  inhibited  by  the  injected  hormone.  No  quantita¬ 
tive  determination  of  interstitial  tissue  was  attempted;  but  since  the 
total  mass  of  testicular  substance  was  considerably  smaller  than  in 
untreated  animals,  it  may  be  assumed  that  the  total  amount  of  inter¬ 
stitial  tissue  w^as  also  proportionately  less. 


Table  2.  Weights  of  testes,  prostate  glands  and  sehinal  vesicles 


Age  When 
Treated 

Total 

Dose 

Number 

of 

Testes 

Prostate 

Glands 

Seminal 

Vesicles 

Animals 

Mean,  S.E. 

Mean,  S.E. 

Mean,  ^.E. 

days 

mg. 

my.  per  100 
gm.  body  wt. 

mg.  per  100 
gm.  body  wt. 

mg.  per  100 
gm.  body  wt. 

1  to  28 

0.75 

605  ±50.9 

90±19.8 

46±  2.8 

1  to  28 

1.50 

329  ±28.3 

40  +  14.9 

32  ±12.0 

1  to  28 

36.0 

472±16.5 

67  ±10.5 

36±  4.5 

5  to  33 

36.0 

827  ±66.0 

139±20.5 

117±15.5 

10  to  38 

36.0 

870  ±47.5 

208  ±34.5 

133  ±14.0 

15  to  43 

36.0 

1 

805 

195 

153 

20  to  48 

36.0 

3 

908  ±15.0 

278±27.7 

183±12.1 

Control 

6 

847  ±22.4 

311±21.6 

183  ±10.6 

Testes  from  animals  in  which  androgenic  treatment  was  begun  on 
the  5th,  10th,  15th  and  20th  days  were  histologically  normal,  and 
statistical  analysis  revealed  that  in  none  of  these  groups  did  testicular 
w'eight  differ  significantly  from  that  of  the  controls. 

The  prostates  and  seminal  vesicles  were  extremely  atrophic  in 
animals  receiving  androgen  between  the  1st  and  28th  days  of  age,  at 
all  dosage  levels  (table  2).  Treatment  between  the  5th  and  33rd  and 
the  10th  and  38th  days  resulted  in  a  less  marked  but  significant  reduc¬ 
tion  in  the  weight  of  the  accessory  reproductive  organs.  These  data 
suggest  that  the  testicular  interstitial  tissue,  although  normal  in  ap¬ 
pearance,  was  not  functioning  or  functioning  only  to  a  limited  degree. 
A  further  possibility  is  that  the  early  postnatal  injections  of  androgen 
had  rendered  the  prostates  and  seminal  vesicles  insensitive  to  what¬ 
ever  endogenous  androgen  might  have  been  present  when  the  animals 
w'ere  killed.  Males  injected  between  the  20th  and  48th  days  of  age 
possessed  accessory  organs  which  did  not  differ  significantly  in  weight 
from  those  of  untreated  males.  It  is  doubtful  that  growth  stimulation 
from  the  residuum  of  injected  hormone  could  account  for  this,  for  at 
least  3  months  had  elapsed  since  the  last  injection.  Since  the  testis  is 
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the  only  endogenous  source  of  sufficient  androgen  to  maintain  the 
prostate  glands  and  seminal  vesicles,  the  normal  size  of  these  struc¬ 
tures  indicates  that  the  endocrine  function  of  the  testes  was  unim¬ 
paired. 

A  majority  of  males  in  all  of  the  experimental  groups  ejaculated 
when  killed  by  decapitation,  and  motile  spermatozoa  were  found 
either  in  the  ejaculate  or  in  the  vas  deferens  in  every  instance.  How¬ 
ever,  the  ejaculate  of  males  in  which  androgenic  treatment  was  begun 
on  the  1st  and  5th  days  w'as  of  conspicuously  smaller  quantity  than 
that  emitted  by  normal  males,  and  it  frequently  failed  to  coagulate. 
These  facts  are  undoubtedly  correlated  with  the  observation  that  the 
accessory  organs  were  atrophic. 

DISCUSSION 

These  results  demonstrate  that  androgenic  treatment  of  pre- 
puberal  male  rats  induces  alterations  of  structure  and  function  in  the 
reproductive  organs  that  persist  for  3  to  5  months.  The  changes  ob¬ 
served,  however,  differ  in  character  and  extent  from  those  reported 
by  numerous  authors  (reviewed  by  Moore  and  Morgan,  1942)  as 
occurring  during  or  shortly  after  treatment  with  androgenic  hormone. 
Rarely  have  animals  been  maintained  sufficiently  long  after  treat¬ 
ment  to  determine  whether  changes  of  the  latter  sort  represent  funda¬ 
mental  alterations  in  structure  and  function  or  simply  transitory 
stimulations  or  retardations  of  grow'th  processes.  Greene  and  Burrill 
(1940)  have  shown  that  many  such  effects  are  only  transitory,  al¬ 
though  complete  recovery  may  require  several  months.  Males  injected 
daily  with  testosterone  propionate  between  the  11th  and  30th  days 
of  life  experienced  a  57  to  67  per  cent  reduction  in  testis  weight,  where¬ 
as  animals  similarly  treated  but  not  examined  until  7  to  10  months 
later  were  found  to  have  normal  testis  and  accessory  organ  weights. 
Fertility  and  sperm  motility  w'ere  also  judged  to  be  normal.  This 
raises  the  possibility  that  our  animals  injected  between  days  10  and 
38,  or  subsequently,  would  also  have  recovered  had  they  been  main¬ 
tained  for  a  comparable  period.  Indeed,  testis  weight  fell  within 
normal  range  at  the  time  the  males  were  killed  3  to  5  months  after 
treatment.  Males  treated  at  earlier  ages,  days  1  to  28  and  5  to  33, 
particularly  the  former,  exhibited  more  extensive  alterations,  and  the 
severity  of  many  of  the  changes  permits  some  doubt  that  full  recovery 
would  ever  have  ensued. 

That  the  degree  of  alteration  was  dependent  upon  the  age  of  the 
animal  when  treatment  was  instituted  is  clearly  shown.  Injection  of 
androgens  into  new-born  animals  produced  the  most  extensive  ef¬ 
fects;  injections  at  successively  older  ages  produced  effects  of  gradu¬ 
ally  diminishing  severity.  This  is  in  striking  contrast  to  the  results  of 
previous  experiments,  using  prepuberal  female  rats,  (Wilson,  Hamil¬ 
ton  and  Young,  1941;  Wilson,  1943)  in  which  it  was  observed  that  a 
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different  type  of  relationship  existed  between  effectiveness  of  injected 
hormone  and  the  age  of  the  animal  when  treated.  In  these  studies 
reproductive  capacity  was  likewise  severely  impaired  in  the  female  by 
early  postnatal  treatment  with  testosterone  propionate  or  with  estra¬ 
diol  dipropionate;  but  the  susceptibility  of  the  animal  to  the  per¬ 
sistent  effects  of  hormonal  action  ended  abruptly  with  treatment 
initiated  on  the  15th  day  of  life,  or  later. 

The  causes  underlying  the  reduction  in  overt  reproductive  ca¬ 
pacity  in  males  treated  with  androgens  early  in  the  prepuberal  period 
become  evident  on  examination  of  other  data.  Sexual  potency,  or  the 
ability  to  effectively  inseminate  receptive  females,  was  shown  to  be 
deficient.  Sexual  potency  may  be  resolved  into  two  factors,  namely, 
organic  competence  to  produce  and  ejaculate  viable  spermatozoa,and 
libido  or  sexual  drive.  Although  it  was  shown  that  all  of  the  treated 
males  produced  spermatozoa  and  that  a  majority  ejaculated  semen 
containing  motile  sperm  when  decapitated,  the  observation  that  the 
ejaculate  was  scanty  in  quantity  and  frequently  did  not  coagulate 
may  indicate  that  to  some  extent  the  deficient  potency  was  due  to 
organic  incompetence.  Dr.  R.  J.  Blandau,  in  a  personal  communica¬ 
tion,  has  suggested  that  failure  to  form  an  adequate  vaginal  plug, 
w'hether  due  to  an  ejaculum  of  insufficient  quantity  or  one  that  failed 
to  coagulate,  might  well  account  for  failure  to  effect  fertilization.  He 
has  found  that  sperm  do  not  gain  entrance  into  the  cervical  canal  if 
the  vaginal  plug  is  smaller  than  a  certain  minimal  size.  Ball  (1934)  has 
demonstrated  the  importance  of  the  vaginal  plug  in  inducing  pseudo¬ 
pregnancy  in  the  rat. 

The  observations  on  libido  indicate  that  a  lack  of  sexual  drive 
could  have  been  largely  responsible  for  the  impotence.  Males  that  had 
not  previously  inseminated  estrous  females  were  found  to  exhibit 
very  little  sexual  excitability:  they  rarely  were  observed  to  mount 
receptive  females.  Many  factors  are  thought  to  operate  in  the  main¬ 
tenance  of  libido  in  the  male  animal  (Beach,  1942).  Of  these  the  r61e 
of  androgen  is  perhaps  the  most  widely  recognized.  Libido  has  been 
raised  to  normal  levels  or  greatly  increased  by  injecting  testosterone 
propionate  into  prepuberally  castrated  males  (Shapiro,  1937;  Moore 
and  Price,  1938)  and  otherwise  impotent  animals  (Stone,  1938,  1939, 
1940;  Beach,  1940).  Since  our  males  with  lowered  libido  also  possessed 
atrophic  accessory  glands,  it  is  a  reasonable  assumption  that  the  secre¬ 
tion  of  androgenic  hormone  was  inadequate  to  condition  them  for 
sexual  behavior.  The  injection  of  androgen  into  mature  or  late  pre¬ 
puberal  males  has  been  reported  to  cause  a  reduction  in  the  gonado¬ 
tropic  potency  of  the  pituitary  gland  (Moore  and  Price,  1937 ;  Hamil¬ 
ton  and  Wolfe,  1938).  If  the  pituitaries  of  rats  as  young  as  those  used 
in  the  present  experiment  are  susceptible  to  this  action  of  injected 
hormone,  it  seems  likely  that  the  testicular  interstitial  tissue,  as  a 
consequence  of  deficient  gonadotropic  stimulation,  w'as  not  secreting 
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male  hormone  in  sufficient  quantities  to  maintain  the  accessory  or¬ 
gans  and  condition  behavior. 


SUMMARY 

Five  groups  of  male  rats  were  injected  with  testosterone  propi¬ 
onate  over  a  28-day  period  beginning  at  different  ages  between  birth 
and  puberty.  Three  to  5  months  after  the  last  injection  they  were 
studied  to  evaluate  reproductive  capacity. 

Males  treated  between  the  ages  of  1  and  28  days  were  severely 
affected.  They  rarely  inseminated  estrous  females  with  which  they 
were  caged.  When  placed  with  receptive  females,  libido  was  observed 
to  be  extremely  low.  Testes,  although  normal  in  histologic  appearance, 
were  small  and  prostates  and  seminal  vesicles  were  markedly  atrophic. 

Animals  treated  with  testosterone  propionate  at  older  ages  (days 
5  to  33,  10  to  38,  15  to  43  and  20  to  48)  also  bore  persistent  defects  in 
structure  and  function  of  reproductive  organs,  but  the  severity  of  such 
defects  tended  gradually  to  be  less  when  the  hormone  was  adminis¬ 
tered  at  progressively  older  ages.  Accordingly,  treatment  between 
days  20  and  48  resulted  in  some  reduction  in  sexual  potency  and 
libido,  but  the  weights  of  testes,  prostate  glands  and  seminal  vesicles 
were  essentially  normal. 
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RESISTANCE  OF  RATS  TO  POTASSIUM  POISONING 
AFTER  ADMINISTRATION  OF  THYROID  OR  OF 
DESOXYCORTICOSTERONE  ACETATE^ 

BERTRAND  E.  LOWENSTEIN*  and  RAYMUND  L.  ZWEMER 
From  the  Department  of  Anatomy,  College  of  Physicians  and  Surgeons, 
Columbia  University 
NEW  YORK,  NEW  YORK 

The  thyroid  gland  and  the  adrenal  cortex  seem  to  exert  opposing 
influences  on  certain  phases  of  animal  metabolism.  Early  work  has 
indicated,  for  example,  that  induced  hypothyroidism  was  beneficial 
to  animals  deprived  of  their  adrenals,  whereas  the  feeding  of  thyroid 
extract  to  such  animals  increased  the  mortality  rate  (Zwemer,  1925, 
1927).  Other  work,  with  relatively  crude  cortical  extracts  (Shapiro 
and  Marine,  1921;  Cameron  1923)  has  indicated  that  in  both  experi¬ 
mentally  produced  hyperthyroidism  and  Graves’  disease  some  an¬ 
tagonism  may  exist. 

Because  of  the  well-known  adrenal  cortex-potassium  association 
(Zwemer  and  Truszkowski,  1936),  the  following  experiments  were  de¬ 
signed  to  investigate  the  thyroid-adrenal  cortex  relationship  as  it 
bears  on  the  resistance  of  normal  animals  to  toxic  intraperitoneal 
dosage  of  potassium  chloride. 

MATERIALS 

Rats  were  used  in  all  experiments,  and  were  from  the  colony  of  Long- 
Evans  hooded  rats  inbred  since  1927  at  the  Department  of  Anatomy,  College 
of  Physicians  and  Surgeons.  The  inbreeding  and  controlled  uniform  diet  help 
to  keep  individual  variations  negligible  in  comparison  with  those  produced 
experimentally.  The  rats  weighed  between  100  and  150  gm.  and  litter  mates 
and  body  weights  were  matched  in  control  and  experimental  groups  as  far 
as  possible.  Thyroid  was  given  by  placing  15  mg.  of  desiccated  thyroid 
powder*  in  the  amount  of  food  eaten  by  each  rat.  The  adrenal  cortical  prep¬ 
aration  used  was  desoxycorticosterone  acetate  in  sesame  oil.*  A  dose  of  2  mg. 
per  100  gm.  of  body  weight  was  given  as  a  daily  subcutaneous  injection. 
Resistance  of  the  rats  after  treatment  was  tested  by  intraperitoneal  injection 
of  0.065  gm.  of  KCl  per  100  gm.  of  body  weight  in  a  10  per  cent  aqueous 
solution. 


Received  for  publication  August  21,  1943. 

*  Read  at  the  twenty-sixth  annual  meeting  of  the  Association  for  the  Study  of 
Internal  Secretions  at  Atlantic  City,  June  1942. 

*  Now  at  the  New  York  Post-Graduate  Medical  School  and  Hospital. 

*  Armour,  U.S.P.  thyroid. 

*  We  are  grateful  to  the  Ciba  Pharmaceutical  Products,  Inc.,  Summit,  N.  J.,  and 
to  Mr.  R.  C.  Mautner  for  a  generous  supply  of  desoxycorticosterone  acetate  (Per- 
corten). 
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RESULTS 

The  results  are  summarized  in  table  1.  Of  35  control  animals,  14 
(40%)  survived.  This  is  a  result  comparable  with  that  in  previous 
studies  of  the  resistance  of  the  normal  rat  to  KCl  (Zwemer  and  Trusz- 
kowski,  1936).  In  the  group  of  36  normal  rats  treated  with  desoxy- 
corticosterone  acetate  daily  for  14  days  there  was  a  marked  increase 
in  the  survival  ratio  to  83  per  cent.  This  is  also  in  agreement  with 
previous  work,  which  demonstrated  increased  resistance  to  toxins  in 
the  normal  animal  after  treatment  with  crude  adrenal  cortical  ex¬ 
tracts  (Zwemer,  et  al.,  1935).  It  also  confirms  the  results  of  Trusz- 
kowski  and  Duszynska  (1940)  on  the  mouse.  However,  72  hours  after 


Table  1.  Survival  of  rats  given  65  mg.  of  KCl  per  100  gm.  body  weight 

INTRAPERITONEALLY,  AND  PRETREATED  AS  INDICATED. 


Number  of 
Rats 

Treatment 

Survival 

35 

Controls 

% 

40 

36 

After  14  days  of  desoxycorticosterone  acetate 

83 

36 

14  days  desoxycorticosterone  then  3  days  rest 

25 

26 

Thyroid  fed  10  days 

Thyroid  10  days  then  10  days  rest 

19 

38 

73 

20 

Thyroid  and  desoxycorticosterone  20  days 

30 

the  last  injection  of  desoxycorticosterone  acetate,  the  resistance  of  36 
rats  previously  treated  for  14  days  had  fallen  below  the  normal  re¬ 
sistance  with  only  25  per  cent  'survival. 

Feeding  of  thyroid  extract  (15  mg.  per  day  for  10  days)  to  26 
normal  rats  impaired  markedly  their  resistance  to  potassium  chloride 
poisoning,  as  only  19  per  cent  of  these  animals  lived.  However,  10 
days  after  feeding  was  stopped  the  resistance  had  risen  above  the 
control  level  to  73  per  cent  survival  in  38  rats.  By  simultaneous  dosage 
of  20  rats  with  both  adrenal  steroid  and  thyroid,  approximately 
normal  resistance  was  maintained,  the  30  per  cent  survival  being 
closest  to  normal  of  any  of  the  treated  groups  of  animals. 

The  adrenal  glands  were  removed  from  all  animals  after  death,  and 
the  glands  were  weighed  and  sectioned.  The  average  weights  of  the 
adrenal  glands  of  the  different  groups  of  animals  are  summarized  in 
table  2.  The  average  normal  weight  of  22  mg.  is  significantly  increased 
to  31  mg.  after  thyroid  feeding,  and  decreased  to  14  mg.  after  adrenal 
steroid  administration.  There  was  no  significant  difference  between 
the  weights  of  glands  removed  on  the  last  day  of  treatment,  or  sev¬ 
eral  days  thereafter,  although  the  experimental  data  showed  a 
marked  difference  in  the  animals’  resistance  to  potassium.  The  cor¬ 
relation  of  resistance  with  gland  morphology  rather  than  weight  is 
to  be  expected. 

Morphological  studies  pointed  to  a  compensatory  atrophy  of  the 
adrenal  cortex  after  treatment  with  desoxycorticosterone.  This  is  in 
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accordance  with  the  work  of  Ingle,  et  al.  (1937,  1938).  This  atrophy 
could  be  distinguished  histologically  from  the  atrophy  and  hypo¬ 
plasia  of  exhaustion  described  by  Zwemer  (1936).  After  thyroid 
treatment,  on  the  other  hand,  there  was  definite  evidence  of  cortical 
hypertrophy — the  ‘alarm  reaction’  of  Selye’s  terminology  (1938).  This 
is  accounted  for  as  the  reaction  of  the  adrenal  cortex  to  a  mildly 
toxic  stimulus  (Zwemer ’s  type  V).  The  long-continued  application  of 
a  severe  toxic  stimulus  will  result  in  an  exhaustion  of  the  adrenal  cor¬ 
tex  (Zwemer’s  type  VII  or  VIII). 

The  morphological  studies  showed  that  after  treatment  wdth  the 
above  daily  dose  of  desoxycorticosterone  acetate  the  adrenal  cortex 
underwent  a  compensatory  physiological  atrophy,  manifested  both  in 

Table  2.  Adrenal  qland  weights 


Treatment  Average 


mg. 

Control  22 

Desoxycorticosterone  acetate  (14  days)  13 

Desoxycorticosterone  acetate  after  3  days  15 

Thyroid  daily  for  10  days  30 

Thyroid  10  days;  nothing  for  10  days  '  33 

Thyroid  and  desoxycorticosterone  acetate  25 


These  averages  are  given  to  show  trends  only.  It  is  very  difficult  to  obtain  exact 
adrenal  weights  even  with  careful  dissection  of  the  surrounding  fat  under  a  binocular 
microscope.  The  ranges  in  the  various  groups  overlapped  to  some  extent. 

weight  and  morphology  of  the  gland.  After  treatment  with  dried 
thyroid  daily  for  5  days,  the  adrenal  cortex  underwent  a  compensa¬ 
tory  physiological  hypertrophy,  manifested  both  in  weight  and 
morphology  of  the  gland. 

DISCUSSION 

The  importance  of  the  adrenal  cortex  in  regulating  electrolyte 
balance  has  been  generally  accepted,  and  that  of  the  adrenal  in  in¬ 
creasing  resistance  to  hyperkalemia  has  also  been  demonstrated. 
Therefore  it  is  not  difficult  to  understand  why  administration  of  des¬ 
oxycorticosterone  acetate  should  result  in  an  increased  resistance  to 
toxic  doses  of  KCl.  The  subsequent  fall  in  resistance  to  levels  below 
the  normal  may  best  be  considered  in  the  light  of  recent  work  from 
Selye’s  laboratory.  Selye  and  Dosne  (1942)  have  shown  that  if  a 
normal  animal  is  given  large  doses  of  adrenal  cortical  hormone,  the 
adrenal  cortex  will  undergo  a  compensatory  physiological  atrophy. 
This  is  manifest  in  a  decreased  gland  weight,  in  certain  morphological 
alterations,  and  in  a  decrease  in  the  ability  of  the  animal  to  respond 
to  toxic  stimuli  as  adequately  as  the  control  animal.  Thus,  when  the 
sustaining  dosage  of  adrenal  cortical  hormone  is  withdrawn,  the  ani¬ 
mal  is  left  with  a  functional  impairment  of  its  adrenal  cortex  which 
results  in  decreased  resistance  to  toxic  agents.  Our  own  experiments 
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confirm  this.  Animals  given  cortical  steroid  had  smaller,  atrophic 
glands  and  their  resistance  to  toxic  doses  of  KCl  was  markedly  im¬ 
paired  once  the  artificial  protection  conferred  by  the  exogenous  hor¬ 
mone  had  worn  off. 

The  antagonism  of  th5rroid  and  adrenal  cortex  has  been  explored. 
Zwemer  (1925,  1927)  found  that  thyroidectomized  animals  were  able 
to  survive  adrenalectomy  four  times  as  long  as  their  controls,  adrenal- 
ectomized  under  identical  conditions.  On  the  other  hand,  if  the  ani¬ 
mals  were  fed  thyroid  before  adrenalectomy,  the  survival  period  was 
cut  to  less  than  half  of  normal.  This  latter  observation  has  been  con¬ 
firmed  by  Koelsche  and  Kendall  (1935)  who,  in  addition,  determined 
the  maintenance  dosage  of  adrenal  cortical  extract  for  dogs  which 
were  receiving  thyroxin  after  adrenalectomy.  Thyroxin-injected  dogs 
required  far  more  extract  for  survival  than  did  adrenalectomized  dogs 
which  were  not  being  given  thyroxin. 

Scott  (1923)  found  that  a  partial  adrenalectomy,  in  which  enough 
cortical  tissue  was  left  to  maintain  life  (without  resorting  to  the  weak 
extracts  then  available),  was  followed  by  a  transient  rise  in  the  basal 
metabolic  rate  which,  in  the  rabbit,  was  greater  than  that  produced 
by  0.1  gm.  of  desiccated  thyroid  every  other  day.  A  previous  thyroid¬ 
ectomy  shortened  or  entirely  abolished  this  rise  in  B.M.R.  These 
latter  results  have  also  been  found  to  hold  for  respiration  of  tissue 
slices  (Tipton,  1939;  Canzanelli,  et  al.,  1939;  Crismon  and  Field, 
1940). 

From  these  experiments  one  might  logically  infer  that  the  thy¬ 
roid  and  the  adrenal  cortex  have  different  effects  on  metabolism;  the 
one  increasing  the  catabolic  process,  and  the  other  protecting  against 
this  increase.  In  this  light,  the  decreased  resistance  to  KCl  found  in 
animals  receiving  large  doses  of  thyroid,  and  the  increased  resistance 
of  those  receiving  desoxycorticosterone  acetate  both  become  under¬ 
standable. 

The  increase  in  weight  of  the  adrenal  gland  during  thyroid  feeding 
may  be  attributed  to  a  compensatory  hypertrophy  of  the  gland  in  its 
attempt  to  protect  the  animals  from  the  catabolic  effects  of  the  large 
doses  of  thyroid.  This  is  also  suggested  by  the  mor])hological  evidences 
of  hypertrophy  of  the  cortex.  This  hypertrophy  is  probably  also  ac¬ 
companied  by  an  increased  activity  of  the  cortex.  However,  after  the 
gland  has  hypertrophied  and  increased  its  activity  in  this  manner,  it 
does  not  at  once  return  to  its  former  level  of  activity  as  soon  as  the 
th3rroid  feeding  is  stopped.  The  higher  level  of  activity  probably  ac¬ 
counts  for  the  increased  resistance  to  KCl  poisoning  after  the  effects 
of  the  exogenous  thyroid  have  passed  off.  Such  a  response  is  not  spe¬ 
cific  to  thyroid  feeding;  it  may  be  brought  about  by  any  noxious 
stimulus,  and  it  apparently  results  in  a  non-specific  increase  in  re¬ 
sistance. 
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SUMMARY 

Desoxycorticosterone  acetate  protects  the  normal  rat  from  KCl 
poisoning.  Repeated  2-mg.  doses  of  desoxycorticosterone  acetate  re¬ 
sulted  in  a  physiological  atrophy  of  the  adrenal  cortex.  This  atrophy 
was  manifested  in  a  decreased  resistance  to  KCl  poisoning  if  enou^ 
time  was  allowed  for  the  protective  concentration  of  the  drug  itself 
to  disappear  from  the  body. 

Thyroid  feeding  increased  the  toxicity  of  KCl  to  the  normal  rat. 
Continued  thyroid  feeding  resulted  in  a  compensatory  physiological 
hypertrophy  of  the  adrenal  cortex.  This  hypertrophy  was  manifested 
by  an  increased  resistance  to  KCl  poisoning  if  enough  time  was  al¬ 
lowed  for  the  catabolic  effect  of  the  thyroid  to  disappear. 

Simultaneous  administration  of  both  thyroid  and  desoxycorti¬ 
costerone  acetate  resulted  in  some  degree  of  balance  between  their 
actions. 

REFERENCES 

Caherok,  a.  T.:  Quart.  J.  Exper.  Physiol.  13:  (Suppl.)  78.  1923. 

Canbakblli,  a.,  R.  Guild  and  D.  Rapport:  Endocrinology  25:  707,  1939. 

Crismon,  J.  M.,  and  J.  Field:  Am.  J.  Physiol.  130:  231.  1940. 

Inqle,  D.  j.,  G.  M.  Higgins  and  E.  C.  Kendall:  Anat.  Rec.  71:  363.  1938. 

Ingle,  D.  J.,  and  E.  C.  Kendall:  Science  86:  245.  1937. 

Karadt,  St.,  j.  S.  L.  Browne  and  H.  Selye:  Quart.  J.  Exper.  Physiol.,  28:  23.  1938; 
Koelsche,  G.  a.,  and  E.  C.  Kendall:  Am.  J.  Physiol.  113:  335.  1935. 

Scott,  W.  J.  M.:  J.  Exper.  Med.  38:  543.  1923. 

Selye,  H.:  Am.  J.  Physiol.  122:  347.  1938. 

Selye,  H.:  J.  Pharmacol.  &  Exper.  Therap.  64: 138. 1938. 

Selye,  H.:  Arch.  Internal,  de  pharmacodyn.  et  de  therap.  60:  259.  1938. 

Selye,  H.,  and  C.  Dosnb:  Endocrinology  30:  581.  1942. 

Shapiro,  S.,  and  D.  Marine:  Endocrinology  5:  699.  1921. 

Tipton,  S.  R.:  Am.  J.  Physiol.  127:  710.  1939. 

Truszkowski,  R.,  and  j.  Dusbynska:  Endocrinology  27:  117.  1940. 

Trubbkowski,  R.,  and  R.  L.  Zwbher:  Biochem.  J.  30:  134.  1936. 

ZwEMER,  R.  L.:  Proc.  Soe.  Exper.  Biol,  d:  Med.  23:  31.  1925. 

ZwBMER,  R.  L.:  Am.  J.  Physiol.  79:  658.  1927. 

ZwEHBR,  R.  L.:  Am.  J.  Path.  12: 107.  1936. 

ZwBMBR,  R.  L.,  AND  G.  W.  Jungbblut:  Proc.  Soe.  Exper.  Biol.  &  Med.  32: 1583.  1935. 
ZwEMER,  R.  L.,  AND  R.  Truszkowski:  Science  83:  558.  1936. 

Zwbher,  R.  L.,  and  J.  Wolfram:  J.  Exper  Med.  61:  9.  1935. 

ZwEMER,  R.  L.,  R.  M.  WoTTON  AND  M.  G.  NoRKUs:  Anai.  Rec.  72:  249.  1938. 


V 


EFFECTS  OF  LOW  ATMOSPHERIC  PRESSURES  ON 
THE  ACTIVITY  OF  THE  THYROID,  REPRO¬ 
DUCTIVE  SYSTEM  AND  ANTERIOR  LOBE 
OF  THE  PITUITARY  IN  THE  RAT 

ALBERT  S.  GORDON,  FRANK  J.  TORNETTA/ 
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The  more  recent  development  of  aviation  medicine  has  revived 
and  intensified  interest  and  research  in  the  study  of  the  effects  of  low 
atmospheric  pressures  on  the  physiological  mechanism  (Dill,  1938; 
Armstrong,  1939;  Van  Liere,  1942;  Hoff  and  Fulton,  1942;  Sund- 
stroem  and  Michaels,  1942).  The  experiments  dealing  with  the  endo¬ 
crine  glands  have  centered  largely  on  the  response  of  the  adrenal  cor¬ 
tex  under  these  conditions.  It  has  now  been  well  established  that  one 
feature  of  the  response  of  animals  subjected  to  low  atmospheric  pres¬ 
sures  is  an  initially  increased  adrenal-cortical  activity  (Giragossintz 
and  Sundstroem,  1937;  Armstrong  and  Heim,  1938;  Langley,  1942; 
Sundstroem  and  Michaels,  1942).  This  is  reflected  in  a  marked  hy¬ 
pertrophy  of  the  adrenal  cortex  (Armstrong  and  Heim,  1938;  Langley, 
1942;  Thom,  Jones,  Lewis,  Mitchell  and  Koepf,  1942;  Langley  and 
Clarke,  1942;  Dohan,  1942),  and  a  reduction  in  the  amount  of  osmio- 
philic  substance  in  this  gland  (Sundstroem  and  Michaels,  1942; 
Thorn,  et  al.,  1942;  Pomerat  and  Horvath,  1942;  Sarason,  1942).  Ex¬ 
tremely  low  pressures  cause  the  adrenals  to  become  exhausted  and 
symptoms  of  adrenal  insufficiency  appear  (Sundstroem  and  Michaels, 
1942). 

Relatively  scant  attention  has  been  paid  to  the  behavior  of  the 
other  endocrine  glands  under  conditions  of  reduced  pressures.  The  re¬ 
ports  on  the  r61e  of  the  thyroid  have  been  confusing.  In  general,  it  is 
believed  that  thyroidectomy  relieves  the  ill-effects  of  anoxic  anoxia, 
whereas  administration  of  thyroid  substance  enhances  them  (Streuli, 
1918;  Duran,  1920;  Houssay  and  Rietti,  1932;  Holmquist,  1934; 
Barach,  Eckman  and  Molomut,  1941).  However,  Campbell  (1935) 
has  found  that  thyroidectomy  neither  increases  nor  relieves  the  ad¬ 
verse  effects  of  lowered  oxygen  pressures,  but  that  thyroxine  injec- 
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tions  definitely  accentuate  the  symptoms.  Histological  examination 
of  the  thyroids  of  animals  subjected  to  low  pressures  shows  a  hypo¬ 
plasia  (Schubothe,  1940),  but  a  slight  hyperplasia  has  also  been  re¬ 
ported  (Martin,  Loevenhart  and  Bunting,  1917).  Moderately  low 
pressures  appear  to  exert  no  marked  effect  on  metabolism  either  at 
rest  or  during  exercise  (Van  Liere,  1942;  Sundstroem  and  Michaels, 

1942) . 

Although  it  has  been  known  for  many  years  that  the  gonads  of 
people  living  at  high  altitudes  gradually  lose  their  potency,  a  sur¬ 
prisingly  small  amount  of  published  material  is  available  concerning 
the  effects  of  low  atmospheric  pressures  on  the  reproductive  organs. 
Monge  (1935, 1937,  1942)  who  has  vividly  described  present-day  con¬ 
ditions  on  the  Andes  mountains  mentions  that  eggs  brought  from  sea- 
level  to  this  altitude  do  not  always  hatch,  and  that  sterility  is  common 
in  rabbits,  cats,  horses  and  cattle.  Several  low  pressure  experiments 
have  revealed  that  animals  exposed  continuously  to  an  oxygen  de¬ 
ficiency  show  a  decrease  in  testis  weight  (Sundstroem  and  Michaels, 
1942;  Dohan,  1942;  Gordon,  Tornetta  and  Charipper,  1943),  inhibi¬ 
tion  of  spermatogenesis  (Martin,  Loevenhart  and  Bunting,  1917; 
Sundstroem  and  Michaels,  1942;  Gordon,  Tornetta  and  Charipper, 

1943) ,  and  an  impairment  of  fertility  (Sundstroem  and  Michael, 
1942).  Furthermore,  the  anoxia  produced  by  subjection  to  carbon 
monoxide  has  been  found  to  result  in  a  loss  of  fertility  (McCombs, 
1912;  Rossiter,  1928;  Buresch,  1933;  Campbell,  1935;  Williams  and 
Smith,  1935;  Patterson,  Smith  and  Pickett,  1938;  Killick,  1940). 

Other  workers  (Schubothe,  1940;  Pomerat  and  Horvath,  1942) 
have  described  some  of  the  effects  of  low  atmospheric  pressures  on  the 
anterior  lobe  of  the  pituitary.  In  one  of  these  reports  (Schubothe,  1940) 
continuous  exposures  have  been  found  to  cause  a  decrease  in  the 
number  of  eosinophiles,  and  in  the  other  (Pomerat  and  Horvath, 
1942),  an  increase  in  the  number  of  basophiles.  The  latter  changes 
have  been  interpreted  in  terms  of  adrenal-cortical  activity. 

The  current  investigation  is  concerned  with  a  detailed  examination 
of  the  effects  of  low  atmospheric  pressures  on  some  phases  of  the 
morphology  and  physiology  of  the  thyroid,  reproductive  system,  and 
anterior  lobe  of  the  pituitary  gland.  Reference  will  be  made  also  to 
weight  changes  in  the  adrenal  and  thymus  glands  which  have  been 
employed  mainly  as  criteria  of  the  intensity  of  the  low  pressure 
stimulus. 

MATERIALS  AND  METHODS 

Pressure  chamber  and  experimental  animals.  Adult  male  and  female  rats 
of  a  closely  inbred  strain  weighing  200  to  280  gm.  were  subjected  to  low 
atmospheric  pressures  in  a  specially  constructed  low  pressure  chamber 
(described  by  Dubin,  1933)  for  varying  periods  of  time.  The  temperature  in 
the  tank  did  not  vary  more  than  5°  C.  and  was  similar  to  the  room  tem¬ 
perature. 
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Animals  placed  in  the  chamber  were  divided  into  two  experimental 
groups.  One  group  of  rats,  the  discontinuous  series,  received  daily  six-hour 
exposures  to  pressures  of  280  to  250  mm.  Hg  (equivalent  to  an  altitude  of 
25,000-27,000),  for  14  to  20  days.  The  other  group,  the  continuous  series, 
was  subjected  to  the  same  pressures  for  18  to  20-hour  periods  daily  for  total 
durations  indicated  in  the  tables.  The  time  taken  to  lower  the  pressures  from 
760  to  250  mm.  Hg  or  vice  versa  was  2  minutes. 

The  animals  of  one  group,  consisting  of  8  rats,  were  given  intrascrotal 
injections  of  20  i.u.  of  pregnancy  urine  extract  plus  10  r.u.  of  pregnant 
mares’  serum  hormone*  twice  daily  for  14  days  during  the  period  of  dis¬ 
continuous  exposures  to  the  low  pressures.  Several  hypophysectomized  male 
rats,  beginning  with  the  fourth  week  after  the  operation,  were  similarly 
treated  with  the  gonadotropic  hormones  but  were  not  given  the  low  pressure 
treatment. 

A  control  series  was  brought  to  a  pressure  of  250  mm.  Hg  over  a  2-minute 
period,  then  returned  to  atmospheric  pressure  within  2  minutes,  and  kept 
in  the  chamber  at  760  mm.  Hg  for  6  to  10  hour  periods  once  daily  for  14 
days.  Untreated  controls  were  litter  mates  of  the  experimental  animals.  All 
animals  were  fed  regular  laboratory  ration  both  during  the  control  and  ex¬ 
perimental  periods.  The  diet  was  supplemented  daily  with  fresh  lettuce  and 
carrots.  Fresh  water  was  always  available. 

At  the  termination  of  the  desired  experimental  periods,  the  animals 
exposed  to  low  pressure  and  the  controls  were  anesthetized  lightly  with  ether 
and  the  blood  withdrawn  by  cardiac  puncture.  All  blood  from  animals  in 
the  same  group  or  series  was  pooled  and  allowed  to  clot  in  a  refrigerator. 
The  endocrine  organs  and  the  accessory  reproductive  organs  were  carefully 
dissected,  freed  of  connective  tissue  and  fat,  and  weighed  to  the  nearest  mg. 
on  a  torsion  or  analytical  balance.  All  these  weight  data  were  then  subjected 
to  a  statistical  analysis  for  the  values  of  the  standard  error.  Pituitary  glands 
to  be  tested  for  thyrotropic  and  gonadotropic  hormone  content  were  collected 
and  stored  in  the  freezing  compartment  of  a  refrigerator. 

Histological  techniques.  Organs  from  representative  animals  in  all  groups 
were  fixed  in  Bouin’s  fluid,  Zenker-formol,  or  Champy’s  fluid  and  sectioned 
at  3  to  6m.  Some  of  the  tissues  were  osmicated  for  the  demonstration  of  the 
golgi  apparatus  and  lipoid  material.  Staining  was  done  with  Harris’  hema- 
toxylin-eosin,  modified  Masson’s,  and  Dawson’s  azo  carmine  method. 

Biological  Assays 

Thyrotropic  hormone  content  of  blood  sera  and  pituitary  glands.  Sera  from 
the  clotted  bloods  were  centrifuged  for  5  minutes  at  3000  r.p.m.  and  then 
sterilized  by  passage  through  a  Berkefeld  filter.  In  some  cases  merthiolate 
(1/100,000)  was  added  as  a  preservative.  Sera  and  blood  were  tested  for 
thyrotropic  hormone  potency  in  the  young  tadpole  according  to  the  method 
of  D’Angelo,  Gordon  and  Charipper  (1942).  Rana  pipiens  tadpoles  were 
obtained  by  the  experimental  ovulation  method  of  Rugh  (1934).  These 

*  We  are  indebted  to  Dr.  Samuel  Gurin,  School  of  Medicine,  University  of  Penn¬ 
sylvania,  for  providing  us  with  a  highly  purified  pregnancy  urine  extract  and  to  Dr, 
Erwin  Schwenk,  Schering  Corp.,  for  generous  supplies  of  purified  pregnant  mare’s 
serum  extracts  (Anteron). 
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larvae  were  separated  into  groups,  and  given  pleuroperitoneal  injections  of 
0.05  cc.  of  the  various  sera  once  every  two  days. 

Pituitary  glands  of  the  rats  from  which  the  sera  had  been  obtained  were 
minced  with  fine  scissors  until  a  homogeneous  pulp  was  formed.  This  ma¬ 
terial  was  then  brought  to  the  desired  dilution  (table  3)  by  addition  of  sterile 
distilled  water.  Injections  of  0.05  cc.  of  this  suspension  were  administered 
pleuroperitoneally  once  every  two  days  into  other  groups  of  tadpoles.  Con¬ 
trol  tadpoles  received  injections  of  distilled  water.  The  larvae  were  given 
no  food  during  the  experimental  period.  At  appropriate  intervals,  measure¬ 
ments  of  the  hind  limb  length  and  time  of  forelimb  extrusion  were  noted. 
The  tadpoles  were  collected  at  these  times  in  a  net,  and  the  excess  water 
allowed  to  drain.  They  were  then  placed  in  a  beaker  and  weighed  to  the 
nearest  tenth  of  a  gram  on  a  trip-balance.  At  regular  intervals  representative 
animals  were  decapitated  and  the  heads  prepared  for  histological  study  of 
the  thyroid  glands. 

Gonadotropic  hormone  content  of  blood  sera  and  pituitary  glands.  Blood  sera 
and  pituitary  glands  from  animals  exposed  to  low  pressure  and  from  normal 
animals  were  collected  and  tested  for  gonadotropic  hormone  content  accord¬ 
ing  to  the  method  of  Reece  and  Weatherly  (1942).  Pituitaries  were  minced 
to  a  fine  pulp  and  one  drop  of  O.In  NaOH  was  added  for  each  gland  used. 
Distilled  water  was  added  to  bring  the  tissue  to  the  desired  dilutions  (table 
4).  Immature  female  rats  (25  days  old)  were  then  injected  subcutaneously 
twice  daily  with  0.4  cc.  of  the  pituitary  suspensions  for  4  days.  One  cc.  in¬ 
jections  of  blood  sera  from  animals  exposed  to  low  pressure  and  from  normal 
animals  were  administered  twice  daily  for  4  days  to  other  groups  of  immature 
female  rats.  Control  rats  were  injected  with  distilled  water.  On  the  fifth  day 
the  test  animals  were  killed,  the  ovaries  removed,  carefully  dissected,  and 
weighed  to  the  nearest  milligram  on  a  torsion  balance. 

RESULTS 

Statistical  analysis  of  organ  weights.  Calculation  of  the  standard 
error  and  application  of  statistical  analysis  reveal,  that,  for  the  dis¬ 
continuous  exposures  to  low  pressures,  increases  in  the  weights  of  the 
adrenals  and  decreases  in  weights  of  testes,  seminal  vesicles,  ventral 
prostate,  thymus,  and  possibly  thyroid  glands  were  obtained.  Pitui¬ 
tary  gland  weights  were  not  affected  by  this  treatment.  Body  weight 
loss  in  this  group  was  Relatively  slight  (table  1). 

For  the  male  rats  given  continuous  exposures  to  low  pressures,  in¬ 
creases  in  adrenal  and  decreases  in  testis  weights  were  observed,  but 
they  were  not  as  marked  as  those  occurring  in  the  rats  discontinu- 
ously  exposed  to  low  pressure.  Definite  diminutions  in  weight  were 
also  noted  for  thymus  and  accessory  reproductive  organs,  and  slight 
decreases  for  the  thyroid  and  pituitary.  Periods  of  exposure  longer 
than  54  to  68  hours  apparently  did  not  further  accentuate  either  the 
organ  weight  changes  or  percentage  loss  in  body  w'eight.^ 

*  It  does  not  seem  valid  to  make  definite  statements  regarding  the  significance  of 
the  organ  weight/body  weight  ratios  of  experimental  and  control  animals  since  the  loss 
in  weight  sustained  by  an  organ  does  not  necessarily  parallel  that  occurring  for  the 
entire  body. 
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Injections  of  large  amounts  of  gonadotropic  hormone  into  rats 
discontinuously  exposed  to  low  pressure  (group  E)  resulted  in  an  eleva¬ 
tion  of  the  testicular  weights  but  did  not  cause  them  to  attain  normal 
values.  At  the  same  time  the  weights  of  the  seminal  vesicles  and  ven¬ 
tral  prostate  were  increased  markedly.  In  the  hypophysectomized- 
animals  (not  included  in  table  1)  injected  with  the  same  doses  of 
gonadotropic  hormones  for  the  same  period  of  time,  significant  in¬ 
creases  occurred  in  the  weight  of  the  testes  and  accessory  reproductive 
tissues. 

The  results  obtained  with  group  G  (table  1)  indicate  that  endocrine 


Table  1.  Mean  weights  of  endocrine  glands  and  accessory  reproductive  glands 
OP  male  rats  given  discontinuous  or  continuous  exposures  to  low 
ATMOSPHERIC  PRESSURES  (280-250  mm.  Hg) 


Group 

Exp’tal 

Treat. 

No. 

of 

Ani¬ 

mals 

Loss  in 
Body 
Wt. 

Testeel 

Sem. 

Ves.* 

Vent. 

Frost.* 

Adrenal* 

Thymus* 

Thyroid* 

Pitu¬ 

itary* 

A 

Discont. 
(84-108  hra.) 

49 

8.7 

1718.5 

±52.9 

(8.03) 

^.5 

±8.8 

(0.95) 

42.3 

±1.3 

(0.20) 

133.7 

±4.6 

(0.62) 

16.0 

±0.29 

(0.068) 

6.4 

±0.14 

(0.029) 

B 

Contin. 
(54-68  hrs.) 

20 

19.8 

2137.4 

±80.0 

(11.51) 

ElSa 

220.3 

±13.5 

(1.20) 

35.5 

±1.4 

(0.19) 

97.9 

±6.5 

(0.53) 

14.2 

±0.49 

(0.081) 

5.5 

±0.19 

(0.029) 

C 

Contin. 
(85-98  hrs.) 

21 

20.8 

2164.3 

±38.3 

(10.42) 

178.9 

±6.9 

(0.86) 

195.1 

±12.2 

(0.94) 

32.3 

±1.2 

(0.15) 

113.6 
±  5.6 
(0.54) 

14.9 

±0.48 

(0.071) 

5.9 

±0.14 

(0.028) 

D 

Contin. 
(142-214  hrs.) 

17 

19.0 

2046.0 

±25.8 

(11.01) 

212.8 

±14.9 

(1.10) 

153.9 

±13.9 

(0.83) 

mSm 

Ejyjn 

100.1 

±5.8 

(0.53) 

5.7 

±0.23 

(0.031) 

E 

Ducont. 

(108  hrs.)  + 
Gonadot.  Treat.* 

8 

9.1 

2110.3 

±100.0 

(10.81) 

336.4 

±24.6 

(1.74) 

413.3 

±25.4 

(2.16) 

35.6 

±2.0 

(0.18) 

90.4 

±5.6 

(0.46) 

F 

Normals 

(Untreated) 

52 

2443.1 

±46.3 

(10.63) 

318.0 

±12.4 

(1.38) 

264.3 

±10.8 

(1.23) 

28.9 

±0.44 

(0.12) 

222.9 

±8.5 

(0.96) 

G 

Controls 
(760  mm.  Hg) 
(in  Tank)* 

8 

Gained 

Wt. 

2574.7 

±87.5 

(10.42) 

335.5 

±14.6 

(1.40) 

283.8 

±15.4 

(1.22) 

29.2 

±1.1 

(0.13) 

228.2 

±22.1 

(0.94) 

18.8 

±0.46 

(0.073) 

6.2 

±0.17 

(0.028) 

1  Figures  given  indicate  mean  ornn  weights  (mg.)  ±  standard  error.  Figures  in  parentheses  represent 
ratio  of  organ  weights  (mg.)  to  firm!  body  weights  (ipi.). 

*  In  group  E,  treatment  consisted  in  giving  injections,  twice  daily,  of  20  i.u.  of  pregimncy  urine  extract 
plus  10  B.17.  pregnant  mares'  serum  extract  for  the  duration  of  the  experiment. 

*  The  animals  in  group  G  were  brought  to  a  pressure  of  250  mm.  Hg  over  a  2-minute  period,  then  im¬ 
mediately  returned  to  atmospheric  pressures,  and  kept  in  the  chamber  at  normal  pressures  for  6-10  hour 
periods  once  daily  for  14  days. 


gland  weights  in  the  experimental  animals  were  not  affected  by  the 
sudden  drops  and  rises  in  the  pressures  at  the  time  of  chamber  adjust¬ 
ments  or  by  exposure  to  normal  atmospheric  pressures  in  the  same 
chamber  for  the  same  periods  of  time. 

The  statistical  analysis  of  the  organ  weights  of  the  female  rats 
subjected  to  discontinuously  applied  low  pressures  revealed  effects 
similar  to  those  obtained  in  the  males  (table  2).  The  low^  pressures 
continuously  applied  to  females  resulted  in  an  increase  in  the  size  of 
the  adrenal  which  was  less  marked  than  that  which  occurred  under 
discontinuous  exfiosures.  On  the  other  hand,  more  significant  reduc¬ 
tions  in  weight  were  noted  for  the  reproductive  apparatus  and  the 
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Table  2.  Mean  weights  of  endocrine  glands  and  xjteriis  of  female  rats 


GIVEN  DISCONTINUOUS  OR  CONTINUOUS  EXPOSURE  TO  LOW  ATMOSPHERIC  PRESSURES 

(280-250  mm.  Hg) 


Exp’tal 

Treat. 

No. 

of 

Ani¬ 

mals 

%  Loss 
in  Body 
Wt. 

Ova¬ 

ries* 

Uterus* 

Thy¬ 

mus* 

Pitui¬ 

tary* 

Discont. 
(84^108  hrs.) 

19 

0.06 

49.0 

±2.1 

(0.26) 

263.3 

±17.0 

(1.38) 

53.1 

±2.0 

(0.28) 

164.9 

±07.4 

(0.86) 

14.1 

±0.41 

(0.074) 

9.0 

±0.30 

(0.047) 

Contin. 

(214  hrs.) 

17 

14.1 

46.8 

±3.6 

(0.24) 

242.8 

±18.2 

(1.22) 

50.0 

±2.4 

(0.26) 

100.2 

±5.5 

(0.51) 

14.6 

±0.35 

(0.075) 

8.2 

±0.48 

(0.042) 

Normal 

(Untreated) 

36 

55.9 

±1.85 

(0.27) 

305.3 

±11.5 

(1.56) 

42.9 

±1.8 

(0.21) 

216.0 

±13.3 

(1.13) 

15.1 

±0.35 

(0.074) 

9.0 

±0.37 

(0.043) 

‘  Figures  given  indicate  mean  organ  weights  (mg.)  ± standard  error.  Figures  in 
parentheses  represent  ratio  of  organ  weight  (mg.)  to  final  body  weight  (gm.). 


thymus  gland  in  continuous  exposures.  Thyroid  and  pituitary  weights 
were  not  significantly  changed. 

It  is  to  be  noted  that  female  rats  were  better  able  to  tolerate  low 
atmospheric  pressures  than  males  of  the  same  age  and  weight.  This 
was  indicated  by  the  smaller  losses  in  total  body  weight  exhibited  by 
the  females  during  the  low  pressure  exposures  and  by  the  fact  that 
the  male  mortality  rate  during  the  first  few  days  of  exposure  was 
20.0  per  cent  whereas  among  the  females  it  amounted  to  only  8.7  per 
cent. 

Histological  Observations 

■  .  Testis  and  accessory  reproductive  organs.  Studies  of  the  testes  of 
animals  exposed  to  low  pressures  discontinuously  for  14  to  20  days 
showed  profound  degenerative  changes  of  the  spermatogenic  elements. 
Upon  dissection  many  of  these  testes  were  found  to  be  cyanotic. 
There  occurred  a  marked  decrease  in  tubular  diameter  and  in  the 
numbers  of  spermatozoa  and  spermatids.  Although  the  spermato¬ 
gonia  appeared  to  be  in  fairly  good  condition,  spermatocytes  and 
spermatids  were  in  all  stages  of  degeneration.  In  some  cases  the  lumen 
of  the  tubules  was  obliterated  by  sloughed-off  spermatocytic  cells. 
Polychromasia  of  the  cytoplasm,  pyknosis  of  the  nuclei,  and  chro¬ 
matolysis  were  observed  in  the  spermatogenic  elements  (compare  fig. 
1  and  2).  In  some  of  the  tissue  syncytial  masses  were  observed  con¬ 
taining  many  degenerating  nuclei.  These  structures  possessed  a  vari¬ 
able  number  of  nuclei  (fig.  3).  Some  of  the  spermatogenic  tissue  was 
highly  vacuolated.  The  interstitial  tissue  showed  some  vacuolization 
but  w^as  not  as  greatly  affected  as  were  the  spermatogenic  elements. 
The  nuclei  in  many  cells  of  the  interstitial  tissue  revealed  pyknosis. 
Hyperemia  was  especially  marked  in  the  blood  vessels  of  the  inter- 
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stitial  tissue;  considerable  dilatation  of  the  blood  vessels  was  seen 
throughout  the  testis. 

In  the  animals  continuously  exposed  to  low  pressure  the  histo¬ 
logical  picture  was  essentially  the  same.  The  degenerative  effects, 
how'ever,  were  less  marked  than  those  observed  in  the  gonads  of  the 
animals  discontinuously  exposed.  Sperm,  although  rarely  seen  in  the 
testes  of  animals  discontinuously  exposed  to  low  pressure,  were  ob¬ 
served  in  smaU  numbers  in  the  gonads  of  the  rats  given  continuous 
treatment  (fig.  4).  The  interstitial  tissue,  however,  was  practically 
in  the  same  condition  as  that  in  animals  exposed  discontinuously 
to  the  low  pressures. 

The  seminal  vesicle  and  prostate  epithelia  were  slightly  reduced 
in  height  in  animals  treated  both  continuously  and  discontinuously. 
In  all  other  respects  these  accessory  reproductive  structures  ap¬ 
peared  quite  normal. 

The  testes  of  the  rats  discontinuously  exposed  to  low  pressure 
and  given  injections  of  large  doses  of  gonadotropic  hormones  during 
the  experimental  period  showed  practically  no  repair  of  the  gameto- 
genic  tissue.  The  histological  appearance  of  the  spermatogenic  ele¬ 
ments  was  quite  similar  to  that  of  the  untreated  exposed  animals. 
On  the  other  hand,  marked  hypertrophy  and  hyperplasia  of  the 
interstitial  cells  occurred  (fig.  5).  The  accessory  reproductive  organs 
of  all  of  these  treated  animals  were  hypertrophic.  Tall  columnar 
epithelium  and  marked  increases  in  amount  of  colloid  w’ere  observed 
in  the  seminal  vesicles  and  prostate  glands  of  these  animals. 

The  testes  of  rats  hypophysectomized  for  4  weeks  appeared  to 
be  completely  repaired  by  the  gonadotropic  hormone  employed  in 
the  rats  discontinuously  exposed  to  low  pressures.  Spermatogenesis 


Figures  1-6  are  from  material  fixed  in  Bouin’s  fluid  and  stained  with  Harris’ 
hematoxylin-eosin . 

Fig.  1.  Transverse  section  through  the  testis  of  a  normal  adult  rat.  Note  the  pres¬ 
ence  of  sperm  in  the  lumen  of  a  tubule  and  the  normal  appearance  of  the  spermatogenic 
cells.  X200. 

Fig.  2.  Transverse  section  through  the  testis  of  an  adult  rat  which  received  dis¬ 
continuous  exposures  to  low  atmospheric  pressures  of  280-260  mm.  Hg  (6  hr./day  for 
16  days).  Note  degeneration  of  spermatogenic  tissue.  X200. 

Fig.  3.  Degenerating  spermatogenic  cells  from  testis  shown  in  fig.  2.  Note  masses 
of  degenerating  nuclei.  X800. 

Fig.  4.  Cross-section  through  the  testis  of  an  adult  rat  subjected  continuously 
(20  hr./day)  for  214  hours  to  low  atmospheric  pressures.  The  state  of  degeneration  is 
not  as  marked  as  that  seen  in  fig.  2.  X200. 

>  ^  Fig.  5.  Cross-section  through  the  testis  of  an  adult  rat  subjected  to  low  pressures 
6j hr./day  for  20  days  and  receiving,  during  this  time,  intra-scrotal  injections  of  20  i.u. 
of  pregnancy  urine  and  10  r.u.  of  pregnant  mares’  serum  twice  daily.  Note  marked 
hypertrophy  and  hjrperplasia  of  interstitial  tissue  with  no  repair  of  the  gametogenic 
elements.  X200. 

Fig.  6.  A  transverse  section  through  the  testis  of  an  adult  rat,  hpophysectomized  4 
weeks,  and  then  injected  intrascrotally  with  20  i.u.  of  pregnancy  urine  and  10  b.u.  of 
pregnant  mare’s  serum  twice  daily  for  20  days.  Note  complete  repair  of  spermatogenic 
cells,  presence  of  sperm  in  lumina,  and  marked  hypertrophy  of  the  interstitial  tissue. 
X200. 
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Fiu.  7.  Cross-section  through  the  anterior  lobe  of  the  pituitary  of  an  adult  male  rat 
given  18  discontinuous  exposures  to  low  atmospheric  pressures.  Observe  the  large  vacu¬ 
olated  l)asophiles  (castration-like  cells).  Fixed  in  Zenker-formol  and  stained  with 
Masson’s.  X900. 

Figures  8-10  are  from  tissues  fixed  in  Bouin’s  and  stained  with  Masson’s. 

Fig.  8.  Section  through  the  thyroid  gland  of  a  young  Rana  pipiens  tadpole 
which  received  9  injections  of  normal  male  rat  serum.  X400. 

Fig.  9.  Section  through  the  thyroid  gland  of  a  young  Rana  pipiens  tadpole  which 
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was  restored  and  sperm  were  found  in  the  lumen  of  the  tubules  (fig. 
6).  Along  with  this  restoration  of  the  spermatogenic  process,  mark¬ 
edly  accentuated  development  of  the  accessory  reproductive  organs 
occurred. 

Ovary  and  uterus.  In  the  ovary  of  a  typical  experimental  animal 
most  of  the  follicles  appeared  quite  normal.  A  few,  however,  showed 
signs  of  degeneration.  This  even  involved  some  of  the  smaller  follicles. 
In  such  structures  vacuolization  of  the  follicular  cells,  as  well  as 
definite  changes  in  the  germ  cell,  were  observed.  In  some  instances 
macrophages  were  seen  engulfing  red  blood  cells  in  immature  folli¬ 
cles.  Degenerative  effects  in  the  ovary  of  rats  exposed  to  low  pressure 
were  not  as  consistent  a  feature  as  in  the  male  gonad.  Low  pressures 
appeared  to  exert  no  effect  on  the  histology  of  the  uterus.  In  the 
females  given  continuous  exposures  the  effects  on  the  reproductive 
apparatus  were  similar  but  even  less  marked  than  those  occurring  in 
discontinuous  exposures. 

Thyroid  gland.  No  marked  changes  occurred  in  the  histology  of  the 
thyroid  glands  in  animals  subjected  to  low  pressures.  The  epithelium 
appeared  somewhat  lower  in  the  exposed  animals;  slightly  more  col¬ 
loid  seemed  to  have  accumulated  in  the  follicles.  In  the  osmicated 
glands  the  amount  of  osmiophilic-staining  substance  appeared  to  be 
somewhat  greater  in  the  thyroids  of  the  normal  than  in  the  glands  of 
the  rats  exposed  to  low  pressures. 

Anterior  lohe  of  the  pituitary.  The  most  striking  effect  of  the  dis- 
continuously-applied  low  pressures  on  the  histology  of, the  anterior 
lobe  of  the  hypophysis  was  an  increase  in  the  numbers  of  basophiles 
and  an  apparent  decrease  in  the  numbers  of  acidophiles.  Many  of  the 
basophiles  were  enlarged  and  showed  signs  of  degranulation.  A  consid¬ 
erable  number  displayed  an  appearance  characteristic  of  castration 
cells  (fig.  7)  Some  of  the  enlarged  basophiles  showed  smaller  vacuoles 
while  others  appeared  unchanged.  The  golgi  apparatus  was  prominent 
and  enlarged  in  the  hypertrophied  basophiles. 

In  the  animals  subjected  continuously  to  low  atmospheric  pres¬ 
sures  the  basophiles  were  enlarged  but  not  to  the  same  extent  as  in 
the  animals  receiving  discontinuous  treatment.  These  cells  likewise 
stained  more  intensely  with  Masson’s  stain.  Castration-like  cells  were 
also  noted  but  were  not  as  numerous  as  in  the  animals  discontinu- 
ously  exposed  to  low  pressure.  Vacuolization  of  the  basophiles  was 
also  not  quite  as  marked.  The  golgi  apparatus  was  more  diffuse  and 
not  so  well-defined  as  in  the  rats  receiving  discontinuous  treatment. 


received  9  injections  of  serum  from  adult  male  rats  given  18  discontinuous  exposures 
to  low  atmospheric  pressures.  Note  the  smaller  degree  of  thyroid  activation  than  seen 
in  fig.  8.  X400. 

Fio.  10.  Section  through  the  thyroid  gland  of  a  young  Rana  pipiens  tadpole  re¬ 
ceiving  9  injections  of  water.  Gland  is  atrophic.  X400. 
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Biological  Assays 

Thyrotropic  hormone  content  of  blood  sera  and  pituitary  glands  from 
rats  exposed  to  low  pressure.  The  effect  of  blood  sera  and  pituitary 
glands  from  rats  given  exposures  to  low  atmospheric  pressures  on  the 
rate  of  metamorphosis  of  young  Rana  pipiens  tadpoles  is  shown  in 
table  3.  In  each  of  the  four  experiments  performed,  serum  obtained 
from  normal  animals  possessed  significantly  greater  quantities  of  sub¬ 
stances  accelerating  metamorphosis  than  sera  from  rats  given  the 
discontinuous  low  pressure  treatment.  This  is  evidenced  in  the  greater 
rate  of  hind  limb  growth  exhibited  in  the  tadpoles  receiving  normal 
serum  injections.®  As  can  be  seen,  this  diminution  in  potency  occurred 
as  early  as  48  hours  during  the  course  of  low  pressure  exposure.  Like¬ 
wise  the  thyroid  glands  of  the  animals  injected  with  serum  obtained 
from  normal  rats  showed  greater  activity,  histologically,  than  did  the 
glands  prepared  from  animals  injected  with  sera  from  rats  given  dis¬ 
continuous  exposure  to  low  pressures  (fig.  8  and  9).  Both  sets  of  thy¬ 
roids  were  more  activated  than  the  glands  taken  from  the  water- 
injected  control  larvae  (fig.  10). 

Sera  from  continuously  exposed  rats  also  poTssessed  slightly  smaller 
thyrotropic  hormone  potency  than  those  secured  from  normal  rats. 
The  reduction  in  thyrotropic  hormone  content,  however,  was  not  as 
marked  as  that  observed  in  the  sera  of  animals  discontinuously  ex¬ 
posed  to  low  pressure  (see  experiments  3  and  4  in  table  3). 

With  the  exception  of  experiment  2,  no  significant  differences  in 
th5rrotropic  hormone  content  of  the  pituitary  glands  of  rats  given  dis¬ 
continuous  exposures  and  glands  from  normal  rats  were  observed. 
Thus,  in  both  cases,  the  rate  of  growth  of  the  hind  limb,  the  number  of 
animals  acquiring  forelimbs,  and  the  percentage  decrease  in  body 
weight  were  approximately  the  same.  In  the  second  experiment,  as 
judged  by  the  above  criteria,  the  advance  of  metamorphosis  was 
slightly  greater  in  the  tadpoles  injected  with  hypophyses  from  rats 
discontinuously  subjected  to  low  pressure. 

Continuous  exposures  to  low  pressures  also  appeared  to  have 
caused  no  significant  alteration  in  the  thyrotropic  hormone  content  of 
rat  pituitary  glands  (experiments  3  and  4  of  table  3). 

Gonadotropic  hormone  content  of  pituitary  glands  and  blood  sera  of 
rats  exposed  to  low  pressure.  Table  4  indicates  that  the  application  of 
the  discontinuous  low  pressure  stimulus  for  90  or  more  hours  resulted 

*  At  first  sight,  this  difference  may  not  seem  to  be  marked  but  records  of  individual 
animals  revealed  that,  in  each  case,  the  larvae  injected  with  serum  from  rats  exposed  to 
low  pressure  progressed  more  slowly  in  development. 


Footnotes  fob  Table  3 

*  In  all  cases  glands  and  sera  were  obtained  from  male  rats. 

*  As  measured  over  an  18-day  period  during  which  9  injections  were  administered. 

*  Cont.  low  pressure  refers  to  material  obtained  from  rats  given  daily  18-20  hour 
exposures  to  low  pressures  for  6-12  days. 

‘  Disc,  low  pressure  refers  to  material  obtained  from  rats  given  daily  6-hour  ex¬ 
posures  to  low  pressures  for  14-20  days. 
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Table  4.  Mean  ovarian  weights  ±  standard  error  of  immature  female 

RATS  INJECTED  WITH  PITUITARY  GLANDS  OR  SERA  FROM  RATS  EXPOSED  TO  LOW  PRESSURE 


Exp’t  No. 

Material  Injected* 

No.  Test 
Animals 

Mean  Ovarian 
Wt. 

Range 

1 

Pits.,  cont.  low  pressure’  (48  hrs.) 
(13  glands  in  30  cc.  H,0) 

8 

mg.  ±S.E, 

72. 6±  7.8 

mg, 

50-116  . 

1 

Normal  pits. 

(13  glan^  in  30  cc.  HiO) 

8 

73. 2±  7.1 

51-123 

2 

Pits.,  disc,  low  pressure*  (108  hrs.) 
(12  glands  in  28  cc.  HtO) 

8 

85. 1±  8.7 

58-129 

2 

Normal  pits. 

(12  glands  in  28  cc.  HiO) 

8 

52. 4±  3.4 

40-  66 

3 

Pits.,  disc,  low  pressure  (90  hrs.) 
(8  glands  in  29  cc.  HtO) 

8 

64. 7±  9.9 

41-  97 

3 

Normal  pits. 

(8  glands  in  29  cc.  HtO) 

8 

39. 3±  5.9 

28-  70 

4 

Pits.,  disc,  low  pressure  (120  hrs.) 
(15  glands  in  28  cc.  HtO) 

8 

115.0±10.3 

85-153 

4 

Normal  pits. 

(15  glands  in  28  cc.  HtO) 

8 

96. 7±  8.1 

75-135 

5 

Pits.,  cont.  low  pressure  (214  hrs.) 
14  glands  in  28  cc.  HtO) 

8 

67.8±10.5 

35-105 

5 

Normal  pits. 

(14  glands  in  28  cc.  HtO) 

8 

92.0±12.7 

62-138 

1,  2,  3,  4,  5 

Water 

19 

13. 1±  1.7 

10-  15 

6 

Serum,  disc,  low  pressure  (108  hrs.) 
(2  cc.  daily  for  4  days) 

13 

14. 8±  2.5 

11-  20 

6 

Normal  serum 

(2  cc.  daily  for  4  days) 

14 

15. 2±  2.0 

13-  20 

*  In  all  cases,  glands  and  sera  were  obtained  from  male  rats. 

*  Cont.  low  pressure  material  was  obtained  from  rats  given  daily  22  hour  exposures. 

*  Disc,  low  pressure  material  was  obtained  from  rats  given  daily  6  hr.  exposures  to 
low  pressures  for  14-20  days. 


in  a  definite  augmentation  in  the  gonadotropic  hormone  content  of 
the  pituitary.  This  corresponds  to  a  time  when  the  spermatogenic 
function  is  definitely  impaired.  Shorter  exposures  {e.g.  48  hours), 
which  caused  no  marked  injury  to  the  testis,  produced  no  alteration 
in  the  gonadotropic  hormone  titer  of  the  gland.  Continuous  exposures 
to  low  pressures  for  long  periods  of  time  (214  hours)  appeared  to  have 
caused  a  reduction  in  the  amount  of  gonadotropin  in  the  gland. 

Injections  of  large  quantites  (8  cc.)  of  serum  obtained  from  nor¬ 
mal  rats  and  those  subjected  to  low  pressure-subjected  rats  w'ere 
without  effect  on  the  ovarian  weights  of  the  immature  female  rat. 
This  assay  method  apparently  is  not  sufficiently  sensitive  to  detect 
gonadotropic  hormone  in  blood  serum. 
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DISCUSSION 

The  present  study  indicates  clearly  that,  for  the  longer  periods  of 
exposure  employed,  the  reproductive  system  in  the  rat  is  markedly 
affected  by  reduced  barometric  pressures.  This  effect  is  considerably 
greater  in  the  male  than  in  the  female  and,  in  either  system,  appears 
to  vary  with  the  type  of  exposure.  The  influence  of  discontinuously- 
applied  low  pressures  on  the  male  gonad  is  striking.  The  degeneration 
appears  to  be  confined  almost  completely  to  the  gametogenic  tissue. 
The  interstitial  tissue,  although  not  as  markedly  affected  as  the 
spermatogenic  elements,  also  is  somewhat  suppressed.  This  is  re¬ 
flected  in  the  reduced  weights  of  the  accessory  reproductive  organs  in 
the  exposed  rats. 

The  fact  that  large  doses  of  gonadotropic  hormone  are  without  in¬ 
fluence  on  the  spermatogenic  process  in  animals  subjected  to  low  pres¬ 
sures  may  indicate  that  the  testis  is  affected  directly  by  the  low 
pressures,  and  that  this  inhibitory  effect  does  not  necessarily  arise 
because  of  a  hypophyseal  deficiency.  It  cannot  be  argued  that  the 
injected  hormone  material  contained  insufficient  quantities  of  folli¬ 
cle-stimulating  principle  since  the  same  extracts  completely  restored 
gametogenic  function  in  the  h3q)ophysectomized  animal.  On  the  other 
hand,  the  ability  of  the  injected  gonadotropic  hormone  to  cause  hy¬ 
pertrophy  of  the  interstitial  tissue  in  the  experimental  groups  may 
mean  that  the  atrophy  of  the  accessory  reproductive  organs  is  due  to 
a  primary  failure  of  the  experimental  animal’s  pituitary  to  secrete 
adequate  quantities  of  luteinizing  hormone.  The  fact  that  the  inter¬ 
stitial  tissue  remains  functional  to  some  extent  under  low  pressure 
stimulation  indicates  that  the  condition  in  the  animal  resembles  that 
occurring  in  cryptorchidism  rather  than  that  following  castration.  The 
deleterious  effects  of  low  pressures  on  the  reproductive  apparatus  re¬ 
ported  here  support  the  observations  by  Monge  (1942)  that  loss  of 
fertility  occurs  in  human  beings  living  in  mountainous  regions. 

It  would  appear  that  the  marked  effects  of  low  pressure  on  the 
testis  are  reflected  in  the  anterior  lobe  of  the  pituitary.  As  is  well 
known  (Engle,  1929),  the  gonadotropic  hormone  content  of  the  pitui¬ 
tary  becomes  elevated  in  the  castrated  and  cryptorchid  animal.  The 
present  w^ork  has  indicated  that  this  also  occurs  in  rats  given  discon¬ 
tinuous  exposures  to  low  pressures  for  two  weeks.  Moreover  the  struc¬ 
ture  of  the  pituitary  is  characterized  by  the  presence  of  castration¬ 
like  cells.  Since  the  method  employed  for  determining  gonadotropic 
hormone  was  not  sufficiently  sensitive  for  its  detection  in  serum,  we 
are  not  in  a  position  to  state  whether  the  increased  potency  of  the 
gland  is  due  to  augmented  production  and  release  or  merely  failure  of 
release  of  gonadotropic  hormone.  Neither  is  it  possible  to  say  whether 
the  changes  induced  in  the  hypophysis  are  due  to  anoxia  or  any  of 
the  other  stresses  imposed  by  the  reduction  in  barometric  pressure. 
That  the  anoxia,  however,  may  cause  such  changes  has  been  indicated 
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in  the  work  of  Patterson,  Smith  and  Pickett  (1938)  who  have  found 
that  exposure  of  rats  to  illuminating  gas  induces  castration  cell  for¬ 
mation  and  increases  the  gonadotropic  hormone  potency  of  the  gland. 

No  attempt  has  been  made  in  this  investigation  to  correlate  spe¬ 
cific  cell  types  in  the  anterior  pituitary  with  the  various  tropic  hor¬ 
mones.  The  gonad  atrophy  results  in  marked  alterations  in  the  an¬ 
terior  pituitary  concerned  with  the  production  of  increased  quantities 
of  gonadotropic  hormone  which  probably  obscure  other  less  striking 
changes  induced  by  the  low  pressures.  It  must  be  emphasized  also 
that  our  description  of  anterior  pituitary  histology  represents  a  rela¬ 
tively  long  period  of  exposure.  Had  glands  from  animals  given  shorter 
periods  of  exposure  been  studied,  it  might  have  been  possible  to  ob¬ 
serve  the  primary  structural  alterations  described  in  part  Isy  others 
(Pomerat  and  Horvath,  1942).  A  study  of  the  pituitary  glands  from 
the  rats  exposed  to  low  pressure  and  injected  with  gonadotropic  hor¬ 
mone  is  being  made.  This  should  shed  further  light  on  the  question  as 
to  what  extent  the  histological  changes  induced  by  the  reduced  pres¬ 
sures  in  the  anterior  hypophysis  are  primary  or  secondary  in  nature. 

The  experiments  performed  to  determine  the  gonadotropic  hor¬ 
mone  content  of  the  pituitary  from  animals  given  continuous  expos¬ 
ures  to  low  pressure  reveal  that  the  glands  do  not  possess  an  increased 
but  a  decreased  amount  of  gonadotropic  substance.  Since  the  pres¬ 
sures  in  this  latter  experiment  had  been  applied  for  a  relatively  long 
period  of  time  (214  hours)  it  is  conceivable  that  exhaustion  of  the 
pituitary  had  been  superimposed  upon  and  exceeded  the  castration 
effect.  It  has  been  emphasized  also,  in  the  present  work,  that  the  de¬ 
generation  of  the  testis  is  not  as  marked  under  conditions  of  continu¬ 
ous  exposure  as  w’hen  the  low  pressures  are  applied  intermittently. 
This  may  also  partially  explain  the  smaller  gonadotropic  hormone 
content  of  the  pituitary  glands  in  rats  subjected  to  continuous  low 
pressures. 

It  is  clear  from  the  results  that  the  female  rat  is  better  able  to 
tolerate  low  atmospheric  pressures  than  male  rats.  This  is  shown  es¬ 
pecially  in  the  lowered  rate  of  mortality,  the  smaller  decrease  in  body 
weight  of  surviving  animals,  and  the  less  severe  effects  exerted  on  the 
female  reproductive  tract.  Although  there  is  some  evidence  of  degen¬ 
eration  of  ovarian  follicular  cells,  the  effect  is  not  as  marked  as  that 
seen  in  the  testis.  Moreover  the  reduction  in  uterine  weight  is  not  as 
pronounced  as  that  noted  for  the  accessory  reproductive  glands  in  the 
male.  In  this  connection,  it  has  been  reported  recently  (Davis  and 
Jones,  1943)  that  estrogens  incirease  the  tolerance  of  rats  to  lowered 
barometric  pressures. 

Thyroid  activity  appears  to  be  diminished  by  the  reduced  pres¬ 
sures.  In  the  glands  of  the  animals  discontinuously  exposed,  the  epi¬ 
thelium  is  slightly  reduced  in  height  and  more  colloid  substance  ap¬ 
pears  to  be  retained.  The  physiological  experiments  indicate  that 
smaller  quantities  of  thyrotropic  hormone  are  present  in  the  blood  of 
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all  animals  subjected  to  the  reduced  pressures.  This  is  not  due  to  an 
increased  utilization  of  the  hormone  by  the  thyroid  but  perhaps  to 
an  increased  excretion  of  thyrotropin,  or  what  is  more  likely,  to  a  par¬ 
tial  failure  of  the  pituitary  to  release  this  hormone  into  the  blood.  This 
might  mean  that  the  thyrotropic  mechanism  of  the  pituitary  is  being 
directly  influenced  by  the  reduced  pressures.  The  thyroid  behavior 
under  low  atmospheric  pressures  therefore  could  possibly  be  regarded 
as  another  attempt  on  the  part  of  the  organism  to  adapt  itself  success¬ 
fully  to  its  new  environment.  A  decrease  in  the  release  of  thyroid  hor¬ 
mone  would  be,  obviously,  of  definite  benefit  to  the  animal  subjected 
to  anoxia.  Several  workers  (Streuli,  1918;  Duran,  1920;  Houssay  and 
Rietti,  1932;  Holmquist,  1934;  Barach,  Eckman  and  Molomut,  1941) 
have  indicated  that  the  resistance  to  anoxia  and  low  atmospheric 
pressures  is  increased  after  thyroidectomy  and  that  thyroid  feeding  or 
injections  and  anterior  pituitary  substance  injections  increase  the 
sensitivity  of  animals  to  oxygen  lack.  It  should  be  emphasized,  how¬ 
ever,  that  the  depression  in  thyroid  activity  observed  in  the  present 
study  is  not  sufficiently  marked  to  warrant  stating  that  this  is  a  pri¬ 
mary  adjustment.  In  addition,  past  workers  (cited  by  Van  Liere,  1942; 
Sundstroem  and  Michaels,  1942)  have  not  been  in  agreement  as  to 
the  changes  occurring  in  metabolic  rate  under  conditions  of  reduced 
pressures. 

The  hypertrophy  of  the  adrenal  gland  occurring  under  low  pressure 
stimulation  has  already  been  described  at  length  by  others  and  has 
been  confirmed  in  our  experiments.  In  fact,  the  increase  in  adrenal 
weight  was  used,  in  the  present  study,  as  a  criterion  of  the  intensity 
of  the  anoxic  stimulus.  Approximately  two  weeks  of  discontinuous 
exposures  to  reduced  pressures  of  280  to  250  mm.  Hg  was  found  to 
result  in  the  most  consistent  and  marked  rises  in  the  weights  of  these 
glands  and  for  that  reason  was  chosen  as  the  period  and  type  of  low 
pressure  treatment  employed  for  these  studies.  Although  it  was  found 
that  at  the  end  of  the  two  weeks  of  discontinuous  exposure  the  mean 
adrenal  weights  w^ere  elevated  and  the  mean  testicular  weights  low¬ 
ered,  examination  of  records  of  individual  rats  reveals  no  direct  cor¬ 
relation  between  the  magnitudes  of  the  weights  of  these  two  organs. 
It  cannot  be  argued,  therefore,  that  the  adrenal  hypertrophy  is  di¬ 
rectly  accountable  for  the  gonad  atrophy  and  this  fact  lends  further 
support  to  the  view  expressed  previously  that  the  low  atmospheric 
pressures  affect  the  gonad  directly. 

The  possibility  that  some  of  the  endocrine  weight  changes  oc¬ 
curring  in  the  animals  subjected  to  low  pressures  are  due  to  inanition 
has  been  considered.  However,  the  extent  of  the  weight  loss  in  the 
rats  discontinuously  exposed  is  not  of  sufficient  magnitude  (8.5%)  to 
accoimt  for  the  alterations  in  weight  occurring  for  the  adrenal  and  the 
gonads  (Werner,  1939;  Mulinos  and  Pomerantz,  1940;  Langley  and 
Clarke,  1942).  Moreover  the  animals  continuously  exposed  to  low 
pressure  and  which  experienced  greater  body  weight  losses  (20%)  re- 
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vealed  less  pronounced  weight  changes  for  the  adrenal  and  the  testis. 
In  the  latter  case,  inanition  may  have  contributed  but  it  certainly 
could  not  have  been  the  only  factor.  On  the  other  hand,  it  is  possible 
that  these  diminutions  in  body  weight  may  have  been  marked  enough 
to  account,  to  some  extent,  for  the  small  weight  loss  occurring  in  the 
thyroid. 

The  present  studies  indicate  that  the  changes  occurring  in  the 
endocrine  gland  system  under  reduced  pressures  are  complex  because 
each  gland  probably  is  directly  affected  to  some  extent  by  the  stimu¬ 
lus.  This,  in  turn,  superimposes  additional  changes,  both  morpho¬ 
logical  and  physiological,  on  other  endocrines  reciprocally  related. 
Some  of  the  tropic  mechanisms  of  the  anterior  lobe  of  the  pituitary 
are  also  directly  influenced  by  the  lowered  barometric  pressures  but 
the  over-all  behavior  of  this  gland  is  undoubtedly  an  expression  of 
both  the  primary  and  secondary  effects  exerted  upon  it. 

SUMMARY 

Adult  male  rats  subjected  to  discontinuous  low  atmospheric  pres¬ 
sures  of  280  to  250  mm.  Hg  (6  hours  daily  for  14-20  days)  showed  an 
increase  in  adrenal  weight  and  a  decrease  in  the  weights  of  testes, 
seminal  vesicles,  ventral  prostate,  thymus  and  possibly  thyroid 
glands.  Pituitary  gland  weights  were  not  affected.  Body  weight  loss  in 
this  group  was  8.7  per  cent.  Male  rats  given  continuous  exposures 
(18  to  20  hours  daily  for  varying  periods)  showed  increases  in  adrenal 
and  decreases  in  testes  weights  which  were  less  than  those  occurring 
in  the  rats  discontinuously  exposed  to  low  pressure.  The  thymus, 
seminal  vesicles,  ventral  prostate,  thyroid  and  pituitary  glands  were 
also  diminished  in  weight.  Body  weight  loss  in  this  group  amounted 
to  20  per  cent.  The  decrease  in  testicular  weight  was  due  mainly  to 
degeneration  of  the  spermatogenic  tissue;  slight  atrophy  of  the  inter¬ 
stitial  tissue  also  occurred.  Injections  of  large  doses  of  gonadotropic 
hormone  did  not  repair  the  spermatogenic  tissue  in  these  animals  but 
did  cause  marked  hypertrophy  of  the  interstitial  tissue. 

Failure  of  the  male  gonad  under  conditions  of  discontinuously- 
applied  low  atmospheric  pressures  was  reflected  in  an  increased  gonad¬ 
otropic  hormone  potency  of  the  anterior  lobe  of  the  hypophysis.  In¬ 
creases  in  numbers  of  basophiles  occurred  and  castration-like  cells 
appeared  in  the  pituitary  glands  of  such  animals. 

Female  rats  tolerated  low  atmospheric  pressures  better  than  male 
rats;  they  showed  a  lower  mortality  rate  and  a  smaller  decrease  in 
body  weight.  Less  pronounced  effects  were  exerted  on  the  weights 
and  histology  of  the  female  reproductive  apparatus. 

The  effects  of  low  pressures  on  the  th3rroid  w^ere  not  marked.  The 
histological  picture  was  one  of  slightly  reduced  activity.  Blood  sera 
from  rats  exposed  to  low  pressure  contained  reduced  quantities  of 
thyrotropic  principle.  The  thyrotropic  hormone  content  of  the  pitui¬ 
tary  gland  was  not  affected  by  low  pressure  treatment. 
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The  morphological  and  physiological  changes  in  the  anterior  lobe 
of  the  pituitary,  for  the  longer  periods  of  exposure,  v.ere  probably  a 
reflection  of  the  effects  of  the  reduced  pressures  exerted  directly  on 
other  endocrine  glands  such  as  the  testis  and  possibly  thyroid;  how¬ 
ever,  the  possibility  of  a  direct  influence  of  the  low  pressures  on  the 
tropic  mechanisms  of  the  pituitary  could  not  be  excluded. 
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OBSERVATIONS  ON  THE  FLUORESCENCE,  BIRE¬ 
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The  rapid  changes  which  occur  during  the  reproductive  cycle 
make  the  ovary  an  ideal  subject  for  investigations  designed  to  cor¬ 
relate  structure  and  function.  During  the  four-day  period  of  this 
cycle  in  the  rat,  graafian  follicles  grow  to  maturity,  rupture,  and  in 
the  subsequent  cycle  become  reorganized  into  mature  corpora  lutea 
which  later  degenerate.  The  histological  features  and  physiological 
concomitants  of  these  ovarian  events  are  well  known  for  the  rat 
(Long  and  Evans,  1922;  Allen,  Hisaw  and  Gardner,  1939;  Boling, 
Blandau,  Soderwall  and  Young,  1941),  and  an  impressive  amount  of 
circumstantial  evidence  relates  these  events  to  the  biochemical  aspects 
of  steroid  hormone  metabolism  (cf.  Allen,  Hisaw  and  Gardner,  1939; 
Doisy,  1939,  1943).  Thus  a  substantial  background  of  information 
exists  which  may  be  used  as  a  cross-check  on  the  results  of  any  new 
procedure.  In  the  present  investigation  we  have  observed  the  changes 
in  autofluorescence,  birefringence  and  certain  histochemical  reactions 
as  they  occur  in  the  various  ovarian  structures  during  the  reproduc¬ 
tive  cycle,  and  have  attempted  to  correlate  these  findings  with  other 
already  well  known  information. 

MATERIAL  AND  METHODS 

A  series  of  ovaries  was  collected  from  adult  female  rats  at  various  times 
after  the  observation  of  estrous  behavior.  This  procedure  permitted  an  ac¬ 
curate  estimate  of  the  time  of  ovulation  (Boling,  Blandau,  Soderwall  and 
Young,  1941).  After  killing  the  animal  with  ether,  illuminating  gas  or  by 
decapitation,  the  ovaries  were  removed. 

Ov’aries  to  be  used  for  observations  of  fluorescence  and  birefringence 
were  routinely  fixed  24  hours  or  longer  in  a  solution  of  10  per  cent  formalin. 
Serial  sections  20  to  50)li  in  thickness  were  then  prepared  on  the  freezing 
microtome.  The  sections  were  mounted  in  non-fluorescent  glycerine  on 
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quartz  slides  and  studied  with  the  aid  of  an  ordinary  microscope  and  visilile 
light,  a  Spencer  polarizing  microscope  and  plane-polarized  light,  and  a 
fluorescent  microscope  similar  to  that  previously  described  by  Grafflin 
(1939),  using  as  illumination  a  beam  of  ultraviolet  rays  secured  by  filtering 
the  light  of  a  carbon-arc  lamp  through  a  copper  sulfate  solution  and  a  Corex 
filter  #586.  Observations  on  the  colors  of  fluorescence  were  made  directly 
and  with  the  aid  of  a  Zeiss  micro-spectroscope. 

Observations  on  fluorescence  were  also  made  on  sections  from  ovaries 
which  had  been  fixed  in  absolute  acetone  and  in  50  per  cent  alcohol.  These 
procedures  were  introduced  in  order  to  investigate  the  solubilities  of  the 
fluorescent  substances. 

The  distribution  in  the  ovary  of  acetone-soluble  ketone  bodies  was 
studied  by  the  phenylhydrazine  method  of  Bennett  (1940).  The  phenyl- 
hydrazine  reaction  was  carried  on  in  sections  from  fresh  unfixed  ovaries  and 
from  ovaries  fixed  in  10  per  cent  formalin.  Parallel  reactions  were  simul¬ 
taneously  undertaken  in  sections  which  had  previously  been  extracted  with 
acetone,  in  order  to  determine  the  solubility  of  the  phenylhydrazones. 

Observation  of  the  phenylhydrazine-treated  sections  with  the  fluorescent 
microscope  revealed  that  the  phenylhydrazones  fluoresced  with  a  strong 
yellow  color.  The  intensity  of  this  yellow  fluorescence  suggested  that  color 
contrasts  sufficient  for  study  might  be  obtained  in  sections  thinner  than 
tho.se  required  for  study  with  visible  light.  Consequently,  sections  20/x  in 
thickne.ss  were  prepared  and  treated  with  phenylhydrazine.  Examination 
of  these  sections  with  the  fluorescent  microscope  showed  that  the  phenyl¬ 
hydrazones  formed  droplets  within  the  cells  of  the  tissue. 

Treatment  of  formalin-fixed  sections  with  concentrated  sulfuric  acid  led 
to  the  production  of  colored  droplets  in  the  cells  of  some  of  the  ovarian 
structures.  This  histochemical  reaction,  which  was  formerly  used  as  a  test 
for  cholesterol  (Romeis,  1928),  is  now  known  to  depend  upon  the  presence  of 
unsaturated  bonds  in  steroid  niolecules  (Sobotka,  1938).  Since  many  bio¬ 
logically  active  steroids  give  positive  sulfuric  acid  reactions  (Reichstein  and 
Shoppee,  1943),  a  series  of  experiments  was  undertaken  to  determine  the 
distribution  in  the  ovary  of  the  sulfuric  acid  positive  compounds. 

OBSERVATIONS 

Birefringence 

Two  general  types  of  birefringence  were  observed  upon  examina¬ 
tion  of  ovarian  sections  between  crossed  Nicol  prisms.  The  connective 
tissue  of  the  ovary,  particularly  that  associated  with  blood  vessels, 
was  weakly  birefringent.  This  doubly  retractile  appearance  was  ob¬ 
served  to  be  associated  with  the  fibrillar  elements  of  the  connective 
tissue  which  were  usually  oriented  with  respect  to  the  section  in  such 
a  way  that  sheets  of  birefringence  alternately  appeared  and  disap¬ 
peared  as  the  stage  was  rotated.  This  anisotropicity  was  continuous 
and  non-granular  in  character  (fig.  12).  Extraction  of  the  section  by 
immersion  in  acetone  did  not  affect  the  fibrillar  birefringence  associ¬ 
ated  with  the  connective  tissue  stroma. 

In  addition  to  the  anisotropicity  associated  with  the  connective 
tissue,  strongly  birefringent  crystals  or  granules  were  observed  in 
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certain  of  the  parenchymatous  cells  of  the  ovary.  Such  birefringent 
crystals  were  seen  within  the  cells  of  the  theca  interna  of  the  follicle, 
in  the  lutein  cells,  and  in  the  epithelioid  interstitial  cells  which  were 
interspersed  in  the  ovarian  stroma  (figs.  1  through  18).  The  crystalline 
axes  of  these  birefringent  granules  were  apparently  arranged  at  ran¬ 
dom  since  rotation  of  the  stage  to  the  extinction  point  for  one  crystal 
did  not  extinguish  the  birefringence  of  neighboring  ones.  This  granu¬ 
lar,  doubly-refractile  material  was  completely  removed  by  extraction 
of  the  sections  with  acetone,  a  fact  which  distinguished  it  from  the 
birefringence  of  the  connective  tissue. 

The  granular  double  refraction  of  the  epithelioid  tissues  of  the 
ovary  was  present  in  the  cells  of  the  theca  interna.  Primordial  and 
small  primary  follicles  were  devoid  of  any  birefringence  except  that 
associated  with  the  connective  tissue  fibrils  of  the  developing  theca 
externa.  At  the  stage  of  antrum  formation,  however,  a  narrow  zone 
of  cells  containing  acetone-soluble,  anisotropic  crystals  appeared  be¬ 
tween  the  granulosal  membrane  and  the  theca  externa  (fig.  1,  2,  3 
and  4).  This  zone,  the  position  of  which  corresponded  to  that  of  the 
theca  interna,  was  an  invariable  component  of  the  follicle  from  this 
stage  until  the  time  of  ovulation. 

The  granulosa  cells  contained  no  birefringent  material  at  any  stage 
of  follicular  development.  Similarly,  no  doubly-refractile  elements 
vere  detectable  in  the  ovum. 

During  the  stage  of  the  preovulatory  swelling,  the  theca  interna 
becomes  thicker  and  somewhat  irregular  in  contour  at  the  time  of  the 
formation  of  folds  in  the  granulosal  layer.  At  this  stage  there  is  a 
marked  acceleration  in  the  growth  rate  of  the  follicle  (Boling,  Blandau, 
Soderwall  and  Young,  1941),  and  the  vascular  elements  of  the  theca 
interna  begin  to  reorganize  preparatory  to  invading  the  granulosa 
(Bassett,  1943).  The  contours  of  the  zone  of  birefringence  followed  ac¬ 
curately  the  irregularities  of  the  theca  interna. 

At  the  time  of  ovulation  the  folding  of  the  granulosa  and  theca 
interna  becomes  even  more  marked  because  of  the  collapse  of  the 
follicle  and  the  consequent  reduction  of  its  circumference.  At  this 
time  the  granular  birefringence  was  still  located  for  the  most  part 
around  the  periphery  of  the  follicle  (fig.  9  and  10).  Here  and  there 
strands  containing  the  doubly-refractile  granules,  corresponding  in  lo¬ 
cation  to  the  infoldings  of  the  theca  interna,  penetrated  into  the  body 


Fig.  1  and  2.  Follicle  at  the  stage  of  formation  of  the  theca  interna.  Figure  1  is  a 
photograph  of  an  unstained  frozen  section  taken  with  ordinary  light,  while  figure  2  is 
the  same  section  photographed  between  crossed  Nicol  prisms.  Note  the  presence  of 
birefringent  crystals  in  the  theca  interna.  XIOO. 

Fig.  3  and  4.  Photographs  made  with  ordinary  and  polarized  light  of  a  young 
growing  follicle.  XIOO. 

Fig.  5  and  6.  Photographs  made  with  ordinary  and  polarized  light  of  a  growing 
follicle  48  hours  after  the  previous  ovulation.  XIOO. 
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of  the  organizing  corpus  luteum.  The  number  of  anisotropic  crystals 
was  somewhat  less  at  this  stage  than  was  the  case  in  the  follicular 
stages  (cf.  fig.  6,  8  and  10). 

Following  ovulation  and  during  the  organization  of  the  corpus 
luteum  the  amount  of  birefringence  declined  still  further  until,  36 
hours  after  ovulation,  very  little  granular  doubly-refractile  material 
was  seen  in  the  corpus  luteum  (fig.  14).  Birefringence  of  the  fibrillar 
type,  however,  developed  in  association  with  the  vascular  elements 
which  supply  the  lutein  tissue.  This  anisotropic  material  was  detect¬ 
able  in  the  walls  of  the  sinusoidal  vessels  which  arise  typically  in  the 
corpus  luteum  (fig.  12). 

Between  the  stages  of  36  and  48  hours  after  ovulation  birefringent 
material  was  at  a  minimum.  Beginning  at  the  48-hour  stage  the  gran¬ 
ular,  acetone-soluble,  doubly  retractile  bodies  reappeared  in  the  cor¬ 
pus  luteum  and  increased  steadily  in  number  thereafter,  until,  by  the 
end  of  5  days,  the  luteal  tissue  was  almost  completely  filled  with  bire¬ 
fringent  material  (fig.  16).  Throughout  the  remainder  of  the  life  span 
of  the  corpus  luteum  the.se  crystalline  bodies  were  invariably  present. 
Indeed,  almost  imperceptible  transitions  could  be  traced,  with  the  aid 
of  the  polarizing  microscope,  from  the  smallest  recognizable  degen¬ 
erating  corpora  lutea,  through  patchy  areas  of  birefringence,  to  doubly 
retractile  material  in  cells  scattered  throughout  the  ovarian  stroma. 

Autofluorescence 

A  number  of  ovarian  structures  were  revealed  by  their  autofluo¬ 
rescence  upon  examination  of  sections  of  formalin-fixed  ovaries  with 
the  aid  of  ultraviolet  light.  The  connective  tissue  structures  of  the 
stroma  fluoresced  with  a  blue  or  white  color  of  moderate  intensity.  In 
the  graafian  follicle  the  cells  of  the  stratum  granulosum  uniformly 
emitted  light  of  a  medium  blue  color  and  of  a  moderately  strong  in¬ 
tensity.  The  theca  interna  was  distinguished  by  a  strong  white  or 
bluish-white  fluorescence  (fig.  19).  Young  and  mature  corporalutea 
were  characterized  by  a  mottled  appearance,  caused  by  the  inter- 
spersion  of  blue  and  white  areas  (fig.  22).  In  older,  degenerating  cor¬ 
pora  lutea,  the  white  areas  became  predominant,  and,  in  addition, 


Fig.  7  and  8.  Photographs  made  with  ordinary  and  polarized  light  of  a  preovula¬ 
tory  follicle.  The  animal  from  which  this  specimen  was  taken  was  killed  10  hours  after 
the  beginning  of  heat,  and  ovulation  was  therefore  imminent.  XIOO. 

Fig.  9  and  10.  Photographs  made  with  ordinary  and  polarized  light  of  an  early 
corpus  luteum.  The  animal  from  which  the  specimen  was  taken  was  estimated  to  have 
ovulated  2  hours  previously.  Note  the  infolding  of  strands  of  birefringent  material  from 
the  periphery.  X 100. 

Fig.  11  and  12.  Photographs  made  with  ordinary  and  polarized  light  of  a  corpus 
luteum  24  hours  after  ovulation.  The  infolding  of  birefringent  material,  noticeable  in 
figure  10,  has  become  more  evident.  In  addition,  radial  strands  of  anisotropic  material, 
associated  with  the  vascular  elements  of  the  corpus  luteum,  can  be  seen.  XIOO. 
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reddish-brown  or  orange-brown  droplets  began  to  form  in  the  center 
of  the  luteal  body  (fig.  23).  The.se  strongly  fluorescent  reddish  bodies 
increased  in  number  as  degeneration  proceeded,  and  finally,  after  the 
dissolution  of  the  corpus  luteum  as  a  recognizable  structure,  became 
scattered  in  the  stroma  of  the  ovarian  cortex. 

During  the  early  stages  of  reorganization  of  the  ruptured  follicle, 
the  development  of  lutein  tissue  could  be  distinguished  by  the  charac¬ 
ter  of  its  autofluorescence.  Bassett  (1943)  found  that  the  lutein  trans¬ 
formation  of  the  follicular  elements  was  a.s.sociated  with  the  appear¬ 
ance  and  extension  of  the  blood  vessels  which  invaded  the  membrana 
granulosa  from  the  inner  capillary  wreath.  The  strong  whitish  fluo¬ 
rescence  which  characterized  the  theca  interna  continued  to  be  in  evi¬ 
dence  during  the  lutein  transformation  of  the  recently  ruptured  folli¬ 
cle.  Moreover,  the  areas  of  granulosal  luteinization  which  developed 
in  close  proximity  to  the  invading  capillaries  also  took  on  a  similar 
color,  and  were  therefore  clearly  distinguishable  from  the  non-vas- 
cularized  and  untransformed  nests  or  areas  of  granulosal  cells  which 
continued  to  fluoresce  with  the  original  blue  color  characteristic  of  the 
granulosa  in  the  maturing  follicle. 

The  blue  fluorescence  of  the  granulosa  and  the  white  luminosity 
of  the  theca  could  be  distinguished  in  the  fluorescent  spectra  of  these 
tissues.  The  intensity  of  the  light  was  greater  and  a  larger  proportion 
of  the  total  radiation  occurred  in  the  longer  wave  lengths  in  the  spec¬ 
trum  emitted  by  the  thecal  elements  than  by  the  granulosa  (fig.  20 
and  21). 

The  fluorescence  associated  with  the  theca  and  granulosa  reacted 
differently  after  treatment  of  the  tissues  with  fat  solvents.  Fixation 
in  50  per  cent  alcohol  or  absolute  acetone  did  not  alter  the  blue  color 
characteristic  of  the  granulosa.  On  the  other  hand,  the  whitish 
fluorescent  component  of  the  thecal  and  luteal  tissue  was  replaced, 
after  treatment  with  these  solvents,  by  a  blue  color  indistinguishable 
from  that  of  the  granulosa.  The  reddish-brown  luminosity  associated 
with  degenerating  corpora  lutea  was  present  after  fixation  in  alcohol 
or  acetone. 

Histochemistry 

Phenylhydrazine  reaction.  In  1940,  Bennett  showed  that  there  is  a 
zone  in  the  adrenal  cortex  containing  acetone-soluble  substances 
which  react  with  phenylhydrazine  to  form  yellow  phenylhydrazones. 


Fig.  13  and  14.  Photographs  made  with  ordinary  and  polarized  light  of  a  corpus 
luteum  48  hours  after  ovulation.  Very  little  anisotropic  material  is  present  at  this 
stage.  XIOO. 

Fig.  15  and  16.  Photographs  made  with  ordinary  and  polarized  light  of  a  corpus 
luteum  5  days  old.  Note  the  large  amount  of  birefringent  material.  XIOO. 

Fig.  17  and  18.  Photographs  made  with  ordinary  and  polarized  light  of  a  degener¬ 
ating  corpus  luteum  10  days  after  ovulation.  XIOO. 
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Since  the  ketosteroids  react  with  phenylhydrazine,  he  regarded  this 
zone  as  the  region  of  formation  of  the  adrenal  hormones.  A  similar 
study  of  the  testis  subsequently  showed  that  phenylhydrazones  were 
formed  only  in  the  regions  of  the  interstitial  cells  (Pollock,  1942). 
These  findings  prompted  an  investigation  of  the  phenylhydrazine  re¬ 
action  in  the  ovary. 

An  inspection  of  figure  24  reveals  that  yellow  phenylhydrazones 
were  formed  in  a  number  of  ovarian  structures.  In  follicles  the  yellow 
reaction  occurred  in  the  region  of  the  theca  interna  but  not  in  the 
stratum  granulosum.  The  reaction  was  positive  in  varying  degrees  in 
corpora  lutea  of  all  ages,  as  well  as  in  the  scattered  interstial  cells  of 
the  stroma. 

Thin  sections  (20  n)  treated  with  phenylhydrazine  and  examined 
through  the  fluorescent  microscope  revealed  that  the  phenylhydra¬ 
zones  fluoresced  a  brilliant  yellow.  The  yellow  phenylhydrazones  were 
localized  within  the  cells  of  the  theca  interna,  and  were  entirely  ab¬ 
sent  in  the  granulosa  (fig.  2o).  In  favorable  sections  the  phenylhydra¬ 
zones  were  observed  as  small  droplets  or  globules  within  the  thecal 
cells.  Similar  small  droplets  were  seen  in  the  cells  of  the  newly-forming 
and  mature  corpora  lutea.  These  droplets  of  phenylhydrazones  were 
small  and  regular  in  size  and  distribution  in  the  cells  of  the  theca 
interna  of  the  follicle  and  in  the  cells  of  the  young  corpora  lutea,  but 
became  larger  and  disparate  in  size  in  the  cells  of  older  luteal  bodies. 
Likewise,  the  droplets  which  imparted  the  yellow  color  to  the  inter¬ 
stitial  tissue  were  larger  and  more  varied  in  size  than  were  those  in 
the  cells  of  the  younger  ovarian  structures. 

During  the  reorganization  of  the  ruptured  follicle,  the  phenyl¬ 
hydrazine  reaction  revealed  a  pattern  of  lutein  transformation  similar 
in  many  respects  to  that  observed  in  the  birefringence  and  auto¬ 
fluorescence  studies.  The  yellow  ring,  which  surrounds  the  granulosa 
and  which  corresponds  in  location  to  the  theca  interna,  became  thick- 


Fig.  19.  Photograph  taken  by  the  autofluorescent  light  of  the  2-day  follicle  shown 
in  figures  5  and  6.  The  fluorescence  of  the  granulosa  is  blue,  while  that  of  the  theca  is 
white.  Compare  with  figure  6.  XIOO. 

Fig.  20.  Spectrum  of  the  fluorescent  light  emitted  by  the  theca  interna. 

Fig.  21.  Spectrum  of  the  fluorescent  light  emitted  by  the  granulosa.  The  two  spec¬ 
tral  photographs  reproduced  here  were  taken  under  identical  conditions  of  exposure, 
development  and  printing.  The  density  of  the  spectrum  therefore  is  an  index  of  the  in¬ 
tensity  of  the  emitted  fluorescence.  Note  that  the  chief  difference  between  the  two 
spectra  consists  of  a  deficiency  in  the  longer  wavelengths  in  the  spectrum  of  the 
granulosa. 

Fig.  22.  Photograph  taken  by  the  autofluorescent  light  of  a  48-hour  corpus 
luteum.  The  blue  and  white  mottling  of  the  structure  is  evident  in  the  dark  and  light 
areas  of  the  photograph.  XIOO. 

Fig.  23.  Photograph  taken  by  the  autofluorescent  light  of  the  10-day  corpus 
luteum  shown  in  figures  17  and  18.  The  light  areas  in  the  center  of  the  structure  are  the 
reddish  brown  acetone-insoluble  pigment.  This  material  is  not  birefringent,  as  is  shown 
by  comparison  with  figure  18.  XIOO. 
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ened  and  invaginated  between  the  folds  of  the  granulosa.  As  the  blood 
vessels  invaded  the  granulosa,  cells  containing  yellow  phenylhydra- 
zone  droplets  could  be  seen  contiguous  to  the  newly  developed  capil¬ 
laries,  The  cells  containing  phenylhydrazones  became  more  and  more 
numerous  as  vascularization  was  established,  although  the  concentra¬ 
tion  of  the  droplets  within  the  cells  themselves  became  progressively 
less  during  the  organization  of  the  corpus  luteum. 

Sulfuric  acid  reaction.  Several  chemical  reactions,  including  those 
of  Salkowski  and  Liebermann-Burchardt,  involve  the  reaction  of 
steroid  compounds  with  concentrated  sulfuric  acid  to  form  colored 
products.  Modifications  of  these  sulfuric  acid  reactions  have  been  ap¬ 
plied  to  tissues,  and  have  been  regarded  as  tests  for  the  presence  of 
cholesterol  (Romeis,  1928).  It  has  been  thoroughly  demonstrated, 
however,  that  other  compounds  related  to  cholesterol,  including  many 
of  the  biologically  active  steroid  hormones,  also  give  positive  reactions 
with  sulfuric  acid  (Schoenheimer  and  Evans,  1936;  Reichstein  and 
Shoppee,  1943).  It  seemed  advisable,  therefore,  to  ascertain  whether 
ovarian  tissues  would  react  with  sulfuric  acid  to  form  colored  com¬ 
pounds,  and,  if  so,  to  study  the  distribution  of  these  compounds  in 
the  various  ovarian  structures. 

Frozen  sections,  from  20  to  50  m  in  thickness,  were  prepared  from 
formalin-fixed  ovaries.  The  sections  were  floated  onto  glass  slides,  the 
excess  of  water  blotted  off,  and  a  drop  of  concentrated  sulfuric  acid 
added,  A  coverslip  was  dropped  on  the  sections  which  were  then 
studied. 

Immediately  after  addition  of  the  acid,  the  sections  began  to 
darken,  the  color  ranging  through  reddish  hues  to  a  brown  color  which 
achieved  its  greatest  density  within  one  minute.  On  microscopic  ex¬ 
amination,  several  of  the  ovarian  structures  were  found  to  contain 
brown  droplets  of  varying  size  and  degrees  of  dispersion. 

The  distribution  of  the  brown  droplets  was  essentially  similar  to 
the  distribution  of  the  birefringent  material  and  of  the  yellow  color 
in  the  phenylhydrazine  treated  sections.  In  general,  they  were  found 
in  the  cells  of  the  theca  interna,  the  corpus  luteum,  the  remnants  of 
atretic  follicles  and  degenerating  corpora  lutea,  as  well  as  in  the  inter¬ 
stitial  cells  scattered  throughout  the  stroma.  The  reaction  was  uni¬ 
formly  negative  in  the  follicular  granulosa,  in  the  connective  tissue 
framework  of  the  ovary,  and  in  the  periovarial  fat. 

The  number,  size  and  density  of  the  brown  droplets  varied  accord¬ 
ing  to  the  stage  of  the  reproductive  cycle.  The  droplets  were  small, 
spherical,  and  nearly  uniform  in  size  in  the  theca  interna  of  the  unrup¬ 
tured  follicle  (fig.  26).  In  successive  stages  after  ovulation  the  exten¬ 
sion  of  the  brown  reaction  could  be  traced  into  the  territory  of  the 
granulosa  along  with  the  developing  blood  vessels.  There  was  a  steady 
decrease  in  number  and  in  depth  of  coloration  of  the  droplets  during 
the  formation  and  reorganization  of  the  corpus  luteum  until,  at  about 
the  36th  hour  after  ovulation,  the  droplets  were  relatively  sparsely 
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Fig.  24.  Phenylhydrazine  reaction  in  rat  ovary.  The  yellow  color,  which  denotes 
a  positive  reaction,  is  present  in  varying  degrees  in  the  theca  interna  of  both  normal 
and  atretic  follicles,  the  organizing  corpus  luteum  (at  extreme  right  of  field)  the  de¬ 
generating  corpus  luteum  (lower  right)  and  the  organized  clumps  of  epithelioid  inter¬ 
stitial  tissue.  The  reaction  is  negative  in  the  follicular  granulosa  and  in  the  connective 
tissue  framework  of  the  ovary.  The  drawing  was  made  from  a  section  100/i  in  thickness 
and  studied  by  reflected  light  through  a  binocular  dissecting  microscope.  X20. 


*) 


December,  1943  HISTOCHEMISTRY  OF  RAT  OVARY 


Fig.  2(3.  Sulfuric  acid  reaction  in  a  young  growing  follicle.  Compare  the  location 
of  the  brown  droplets  in  the  theca  with  the  phenylhydrazones  in  figure  25,  the  aniso¬ 
tropic  crystals  in  figure  6,  and  the  white  fluorescence  in  figure  19.  XI 75. 

Fig.  27.  Sulfuric  acid  reaction  in  a  3-day  corpus  luteum.  The  droplets  of  posi¬ 
tively  reacting  material  are  larger  and  more  irregular  than  in  the  theca  of  the  follicle. 
X175. 

distributed  and  were  tan  and  hence  lighter  in  color  than  previously 
(fig.  27) 

Forty-eight  hours  after  ovulation  the  reaction  products  again  be¬ 
came  more  numerous  and  more  deeply  colored.  This  increase  in  the 
sulfuric  acid  reaction  could  be  demonstrated  in  a  striking  fashion  by 
comparing  the  degree  of  coloration  of  young  corpora  lutea  with  that 
of  corpora  of  the  second  and  subsequent  generations  in  the  same  sec¬ 
tion.  The  older  corpora  lutea  were  invariably  stained  more  deeply. 

DISCUSSION 

The  experiments  described  in  the  preceding  sections  bear  upon  the 
general  problem  of  the  relationship  between  the  ovarian  lipoids  and 
the  secretion  of  the  steroid  hormones  of  the  ovary.  The  changes  in 
appearance  and  concentration  of  the  lipoid  inclusions  within  the  cells 
of  the  various  ovarian  structures  have  been  extensively  studied  in  a 
variety  of  species  (cf.  Corner,  1932).  In  general,  it  can  be  stated  that 
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sudanophil  and  osmiophil  substances  are  present  in  the  theca  interna 
and  lutein  cells,  but  are  absent  in  the  granulosal  elements.  Moreover, 
these  lipids  are  increased  in  amount  during  the  functional  life  span 
of  the  corpora  lutea  in  the  rat  (Long  and  Evans,  1922)  and  sow 
(Corner,  1932). 

Investigation  of  the  lipoid  material  from  the  standpoint  of  its 
birefringence  and  its  reactions  with  phenylhydrazine  and  sulfuric 
acid  leads  to  descriptions  of  changes  somewhat  different  from  those 
revealed  by  sudan  III  and  osmic  acid.  There  are  acetone-soluble  ma¬ 
terials  in  the  cells  of  the  theca  interna  which  are  anisotropic  and  which 
give  positive  reactions  with  phenylhydrazine  and  with  sulfuric  acid, 
although  sudanophil  and  osmiophil  substances  are  present  in  only 
slight  amounts.  The  reverse  situation  obtains  in  the  active  corpus 
luteum,  in  which  the  birefringence  and  the  phenylhydrazine  and  sul¬ 
furic  acid  reactions  steadily  decline  while  the  sudanophilia  and  osmio- 
philia  steadily  increase.  Only  at  the  beginning  of  degeneration  of  the 
corpus  luteum  do  the  substances  responsible  for  the  birefringence  and 
the  phenylhydrazine  and  sulfuric  acid  reactions  again  increase  in 
amount  so  that  a  fair  correlation  is  maintained  thereafter  between  the 
appearances  revealed  by  these  reactions  and  those  which  follow  sudan 
III  and  osmic  acid. 

The  demonstration  that  differences  exist  between  the  sudanophil 
and  osmiophil  substances,  on  the  one  hand,  and  the  acetone-soluble 
substances  which  are  birefringent  as  well  as  phenylhydrazine  and  sul¬ 
furic  acid  positive,  on  the  other,  leads  to  the  question  of  the  sig¬ 
nificance  of  the  latter  reactions.  As  used  in  the  present  study,  these 
tests  are  presumably  indicative  of  the  presence  of  cholesterol  or  re¬ 
lated  compounds,  including  many  of  the  biologically  active  steroids. 
It  is  well  known  that  cholesterol  esters  are  strongly  birefringent.  In¬ 
deed,  anisotropicity  in  fat  is  commonly  regarded  as  strong  presump¬ 
tive  evidence  for  the  presence  of  cholesterol.  It  is  also  well  known, 
however,  that  many  of  the  biologically  active  steroids  produce  bire¬ 
fringent  crystals.  Consequently,  in  dealing  with  tissues  which  are 
known  to  contain  steroids,  one  must  assume  the  presence  of  a  family 
of  related  sterol  substances  which  crystallize  in  anisotropic  forms. 
Similarly,  since  many  of  the  steroid  hormones  are  keto-compounds, 
the  presence  of  acetone-soluble  substances  which  react  with  phenyl¬ 
hydrazine  is  presumptive  evidence  of  the  presence  of  compounds  iden¬ 
tical  with  or  similar  to  the  biologically  active  sterol  hormones.  Lastly, 
since  many  of  the  conjugated  carbon  rings  of  the  sterol  substances 
contain  unsaturated  linkages  and  therefore  react  with  sulfuric  acid, 
the  reaction  with  this  latter  substance  is  again  a  good  indication  of 
the  presence  of  sterols.  Summing  up,  since  each  of  these  three  reac¬ 
tions  indicates  more  or  less  directly  the  presence  of  sterol  substances, 
and  since  the  chemical  and  physical  basis  for  the  reactions  are  entirely 
different,  it  seems  clear  that  the  regions  which  give  positive  reactions 
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must  be  those  which  contain  the  biologically  active  steroids  or  closely 
related  substances.  Conversely,  it  appears  even  more  certain  that  the 
regions  which  are  negative  with  respect  to  these  reactions,  namely,  the 
granulosa  and  stroma,  do  not  contain  the  active  hormones  in  appreci¬ 
able  amounts. 

The  identification  of  the  cells  which  elaborate  the  ovarian  hor¬ 
mones  has  been  a  subject  for  speculation  by  histologists  for  many 
years.  Following  the  extraction  of  estrogen  from  the  ovary  by  Allen, 
Doisy,  et  al.  (1924),  two  principal  schools  of  thought  have  developed 
concerning  the  cells  of  origin  of  the  active  hormone.  On  the  one  hand, 
the  granulosa  has  been  suggested,  since  it  is  the  most  obviqus  and 
most  rapidly  developing  ovarian  structure  at  the  time  of  estrus,  and 
on  the  other,  the  theca  interna  has  been  proposed  because  of  the 
greater  concentration  of  hormone  extractable  from  tissue  containing 
thecal  cells  (cf.  Corner,  1938).  Still  another  possibility  has  been 
brought  forward  in  the  suggestion  of  Parkes  (1926),  based  upon  his 
observations  of  the  mouse  ovary,  that  the  epithelioid  interstitial  tis¬ 
sue  might  elaborate  the  female  hormones,  but  since  the  interstitial 
tissue  normally  is  derived  from  atretic  follicles  and  degenerated  cor¬ 
pora  lutea,  this  hypothesis  becomes  resolved  into  a  variant  of  the 
more  general  question  as  to  which  of  the  follicular  elements  have 
secretory  functions. 

The  results  of  the  experiments  presented  herein  support  the  con¬ 
tention  that,  in  the  rat,  it  is  the  theca,  rather  than  the  granulosa, 
which  elaborates  estrogens.  The  evidence  bearing  on  this  point  comes 
from  the  fact  that  acetone-soluble  substances,  which  are  birefringent, 
form  phenylhydrazones  and  give  positive  sulfuric  acid  reactions,  are 
demonstrable  in  the  theca  interna  but  not  in  the  granulosa.  Since 
these  reactions  are  characteristic  of  the  ovarian  hormones  and  re¬ 
lated  sterols,  it  follows  that  these  substances  are  not  concentrated  in 
the  granulosal  cells.  Furthermore,  since  the  follicle  is  known  to  con¬ 
tain  estrogens,  and  since  estrogenic  hormones  characteristically  give 
the  reactions  mentioned  above,  it  seems  reasonable  to  conclude  that 
the  theca  interna  is  the  site  of  formation  of  the  follicular  hormone  in 
the  rat. 

The  fluorescence  reactions  of  the  ovarian  structures  are  not  at 
variance  with  the  thesis  expressed  above  that  the  theca  interna  is  the 
site  of  production  of  the  ovarian  steroids.  The  essential  difference  be¬ 
tween  the  fluorescence  spectra  (fig.  20  and  21)  of  the  theca  and  the 
granulosa  consists  of  a  greater  abundance  of  the  longer  wave  lengths 
in  the  spectrum  of  the  theca.  This  difference  is  associated  with  the 
presence  of  fat-soluble  substances  in  the  theca,  since  after  extraction 
with  acetone  or  alcohol  there  is  no  detectable  difference  in  the  fluo¬ 
rescence  of  the  two  structures.  It  would  appear,  therefore,  that  the 
white  fluorescence  of  the  theca  may  be  separated  into  an  acetone-in¬ 
soluble  blue  component  and  an  acetone-soluble  component,  the  fluo- 


400 


DEMPSEY  AND  BASSETT 


Volume  33 


rescence  of  which  lies  principally  in  the  green  wavelengths.  Since 
purified  estrogenic  sterols  fluoresce  at  wavelengths  between  5700  and 
6700  Angstroms  (Bierry  and  Gouzon,  1936),  it  seems  probable  that 
these  sterols  account  for  the  acetone-soluble  component  of  the  thecal 
fluorescence. 

Ragins  and  Popper  (1942)  observed  a  slowly  fading  green  fluores¬ 
cence  in  the  theca  interna  of  human  ovaries.  This  fluorescence  was 
destroyed  by  extraction  with  acetone.  Because  vitamin  A  exhibits  a 
fading,  green  fluoresence,  these  investigators  expressed  the  belief  that 
it  was  the  cause  of  the  thecal  fluorescence.  However,  the  demonstra¬ 
tion  in  the  present  study  that  the  theca  contains  substances  which 
give  positive  sterol  reactions,  coupled  with  Bierry  and  Gouzon’s 
(1936)  findings  that  ovarian  sterols  fluoresce  in  the  green  region,  seems 
to  provide  an  adequate  alternative  explanation  for  their  results. 

The  present  experiments  also  cast  some  light  upon  the  histophysi- 
ology  of  the  corpus  luteum.  Unfortunately,  the  specific  tests  utilized 
do  not  differentiate  between  the  various  sterol  substances  except  in 
so  far  as  they  indicate  the  presence  of  keto-groups  and  unsaturation. 
Nevertheless,  it  appears  that  the  demonstrable  steroids  decline  in 
amount  in  the  young  corpus  luteum  during  the  period  for  which  there 
is  physiological  evidence  of  the  secretion  of  progesterone  (Boling  and 
Blandau,  1939;  Astwood,  1939).  Although  comparable  evidence  from 
other  species  is  not  available,  it  is  likely  that  a  similar  condition  ob¬ 
tains,  since  Comer  observed  that  the  lipids  in  the  functional  corpus 
luteum  of  the  sow  were  not  anisotropic.  Consequently,  it  would  seem 
that  the  amount  of  steroid  contained  in  the  corpus  luteum  is  least 
during  the  period  of  greatest  secretory  activity  of  the  gland. 

The  most  surprising  finding  in  the  present  study  lies  in  the  ob¬ 
servation  of  large  amounts  of  material  giving  positive  tests  for  ster¬ 
oids  in  the  degenerating  cells  of  atretic  follicles  and  corpora  lutea,  and 
in  the  interstitial  cells.  Although  histologists  have  frequently  sug¬ 
gested  that  the  interstital  tissue  might  function  as  a  gland  of  internal 
secretion,  physiologists  have  generally  found  such  an  assumption  un¬ 
necessary  to  account  for  the  observed  facts.  Consequently,  it  is  only 
possible  to  state  the  alternative  implications  of  the  observation.  The 
steroid  content  of  the  degenerating  cells  may  represent  merely  end 
products  of  sterol  metabolism  which  are  without  biological  signifi¬ 
cance.  On  the  other  hand,  it  is  conceivable  that  the  epithelioid  tissues 
of  the  ovary  may  function  phasically,  according  to  the  stimulus  opera¬ 
tive  at  any  time,  regardless  of  their  morphological  appearance.  It 
should  be  pointed  out,  however,  that  it  is  difficult  to  account  for  the 
correlation  between  the  steroid  content  and  the  functional  activity  of 
the  corpus  jluteum  in  terms  of  the  latter  hypothesis. 

SUMMARY 

Sections  from  rat  ovaries  removed  at  different  and  known  stages 
of  the  reproductive  cycle  were  examined  to  determine  the  localization 
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of  birefringent  crystals,  autofluorescent  materials,  acetone-soluble 
keto-compounds,  and  sterol  substances  which  react  with  sulfuric 
acid.  By  means  of  these  tests,  substances  which  gave  the  characteris¬ 
tic  reactions  of  sterol  hormones  were  detected  in  the  theca  interna  but 
not  in  the  granulosa.  These  substances  were  also  present  in  the  corpus 
luteum  and  in  the  interstitial  tissue.  The  amounts  of  the  reacting  sub¬ 
stances  in  the  several  structures  varied  according  to  the  stage  of  the 
reproductive  cycle. 
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NOTES  AND  COMMENTS 


INFLUENCE  OF  URINARY  CORTIN-LIKE  MATERIAL 
ON  WATER  INTOXICATION  IN  THE 
ADRENALECTOMIZED  RAT^ 

The  presence  of  cortin-like  material  in  the  urines  of  normal  men  and 
post-operative  patients  has  been  demonstrated  previously.  Extracts  of  these 
urines  were  found  to  have  the  following  effects  in  adrenalectomized  rats; 
they  a)  increase  the  resistance  to  low  temperatures  (Weil  and  Browne,  1939, 
a,  b;  Dorfman,  Horwitt  and  Fish,  1942),  b)  maintain  life  (Dorfman  and 
Horwitt,  1943;  Venning,  Hoffman  and  Browne,  1943),  c)  increase  muscle 
work  performance  (Shipley,  Dorfman  and  Horwitt,  1943),  and  d)  influence 
carbohydrate  metabolism  by  increasing  the  deposition  of  glycogen  in  the 
liver  of  the  fasting  animal  (Venning,  et  ai,  1943;  Horwitt  and  Dorfman, 
1943).  The  present  communication  demonstrates  the  ability  of  extracts 
derived  from  urine  of  normal  men  to  prevent  water  intoxication  in  the 
adrenalectomized  rat. 

That  adrenalectomized  rats  (Gaunt,  Remington  and  Schweizer,  1937) 
and  dogs  (Swingle,  et  ah,  1937)  are  sensitive  to  excess  water  has  been  demon¬ 
strated.  Manifestations  of  water  intoxication  (decreased  excretion  of  ad¬ 
ministered  water,  convulsions  and  often  death  within  24  hours)  can  be  pre¬ 
vented  in  the  adrenalectomized  rat  by  the  administration  of  adrenal  coitical 
extracts  as  well  as  by  pure  adreno-cortical  steroids  (Eversole,  Gaunt  and 
Kendall,  1942).  Normal  saline,  progesterone,  testosterone  and  estrogens  do 
not  prevent  the  symptoms  of  water  intoxication  in  the  adrenalectomized 
rat  (Gaunt,  Nelson  and  Loomis,  1938). 

Young  male  rats  of  the  Sprague-Dawley  strain  were  adrenalectomized 
and  all  food  and  w'ater  removed  6  hours  after  the  operation  (Eversole,  Gaunt 
and  Kendall,  1942).  The  time  of  removal  of  food  and  water  was  considered 
the  zero  hour.  The  urinary  extract  derived  from  10  liters  of  urine  was  dis¬ 
solved  in  10  per  cent  ethanol  and  was  administered  by  stomach  tube  in 
4  equal  doses  at  the  0, 11th,  14th  and  16th  hours,  respectively.  Water  equiva¬ 
lent  to  6  per  cent  of  the  body  weight  of  the  rats  was  administered  by  stomach 
tube  five  times  at  the  12th,  13th,  14th,  15th  and  16th  hours,  respectively. 
All  of  the  animals  which  were  treated  with  urinary  extract  received  the 
equivalent  of  10  liters  of  urine  with  the  exception  of  one  group  which  re¬ 
ceived  the  equivalent  of  6  liters  of  urine  in  two  equal  doses  at  the  11th  and 
13th  hours,  respectively.  The  sham-operated,  adrenalectomized  controls  and 
the  rats  treated  with  adrenal  cortical  extract  received  water  equivalent  to 
6  per  cent  of  the  body  weight  at  the  12th,  13th,  14th,  15th  and  16th  hours, 
respectively.  The  former  two  groups  of  rats  received  only  the  solvent  (1  cc. 
of  10  per  cent  ethanol);  the  latter  group  received  adrenal  cortical  extract 
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under  conditions  similar  to  those  employed  for  the  rats  treated  with  urinary 
extract. 

All  rats  were  kept  in  metabolism  cages  during  the  24  hours  following 
the  first  administration  of  water,  and  urine  was  collected.  The  urine  volumes 
and  percentage  excretions  were  noted  at  11  hours  and  24  hours  after  the 
first  administration  of  water. 

The  initial  extraction  of  the  urines  was  performed  as  previously  described 
(Dorfman,  Horwitt  and  Fish,  1942).  The  alkali-insoluble  fraction  of  the 


Table  1.  Inlfuence  op  urinary  cortin-like  material  and  adrenal  cortical 

EXTRACT  ON  WATER  INTOXICATION  IN  THE  ADRENALECTOMIZED  RAT* 


Number 

of 

Rats 

Mean 

Weight 

(range) 

Total 

Adrenal 

Cortical 

Extract* 

Treatment 
Total 
Urinary 
Equivalent 
Administered 
Per  Rat 

Total 

Solvent 

(10% 

Ethanol) 

Water  Excreted 
Mean  % 

(range) 

At  11  hr.  At  24  hr. 

gm. 

liter 

cc. 

cc. 

cc. 

8* 

157 

0 

4 

94 

104 

(136-173) 

(82-101) 

(97-107) 

21* 

158 

0 

4 

17 

55 

(126-192) 

(7-35) 

(29-78) 

6 

147 

0 

4 

61 

87 

(130-168) 

(42-70) 

(73-93) 

6 

150 

2.8 

0 

4 

89 

97 

(128-185) 

(85-94) 

(95-104) 

3 

194 

0 

6  (N157) 

2 

44 

85 

(180-208) 

(32-55) 

(64-96) 

2 

167 

0 

10  (N121K) 

4 

79 

93 

(166-168) 

(75-82) 

(90-95) 

5 

142 

0 

10  (N162) 

4 

76 

93 

(132-166) 

(63-92) 

(84-105) 

4 

139 

0 

10  (N143) 

4 

50 

67 

(135-146) 

(17-80) 

(18-91): 

9 

146 

0 

10  (N166K) 

4 

66 

85 

(140-150) 

(27-86) 

(47-97) 

*  Water  equivalent  to  6%  of  the  body  weight  was  administered  by  stomach  tube  5 
times  at  hourly  intervals. 

*  Purchased  from  Wilson  Laboratories. 

*  Sham-operated  rats. 

‘  Of  the  adrenalectomized  untreated  rats,  10  died  before  the  11th  hour  and  13 
before  the  24th  hour. 

crude  extract  and  the  alkali-insoluble  ketonic  fraction  of  the  crude  extract 
were  assayed  for  their  ability  to  prevent  water  intoxication  in  the  adrenalec¬ 
tomized  rat.  The  results  presented  in  table  1  indicate  a  significant  increase 
in  the  percentage  of  w^ater  excreted  by  animals  treated  with  urine  extracts 
over  that  observed  for  the  untreated  adrenalectomized  rat.  Thus  the  11 
untreated  animals  which  were  alive  11  hours  after  the  first  water  adminis¬ 
tration  excreted  17  per  cent  of  the  administered  w’ater  while  the  5  groups  of 
animals  treated  with  urinary  extract  excreted  44,  50,  66,  76  and  79  per  cent 
of  the  water,  respectively,  during  this  11-hour  period.  Adrenal  cortical  ex¬ 
tract  in  doses  of  1.4  and  2.8  cc.,  respectively,  caused  water  excretion  of  61 
and  89  per  cent  while  the  sham-operated  animals  excreted  94  per  cent  during 
the  11-hour  observation  period.  Twenty-four  hours  after  the  first  adminis¬ 
tration  of  water,  similar  comparative  results  were  noted  for  the  respective 
groups  of  rats. 
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During  the  24-hour  experimental  period  no  deaths  were  observed  in 
either  the  sham-operated  animals  or  in  those  treated  with  urinary  extract 
or  adrenal  cortical  extract  while  10  of  21  untreated  adrenalectomized  rats 
were  dead  at  the  11th  hour  and  13  of  the  21  were  dead  at  the  24th  hour. 

The  2  groups  of  animals  from  which  a  smaller  percentage  of  administered 
water  was  recovered  at  the  11th  hour,  44  and  50  per  cent,  respectively, 
received  alkali-insoluble  fractions  of  the  crude  extract,  while  the  3  groups 
of  rats  treated  with  urinary  extracts  and  which  excreted  a  larger  percentage 
of  the  administered  water,  66,  76,  and  79  per  cent,  received  alkali-insoluble 
ketonic  fractions  of  the  crude  extract. 

From  these  observations,  it  appears  evident  that  extracts  of  urine  have 
an  effect  on  water  intoxication  in  the  adrenalectomized  rat  similar  to  that 
observed  for  extracts  from  the  adrenal  cortex  and  certain  adrenocortical 
steroids. 

Sara  Schiller 
Ralph  I.  Dorfman 

From  the  Brush  Foundation  and  Department 
of  Biochemistry,  Western  Reserve  University 
School  of  Medicine,  and  Department  of  Medi¬ 
cine,  Lakeside  Hospital,  Cleveland,  Ohio 
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-TROPIC  VERSUS  -TROPHIC  IN  THE  TERMINOLOGY 
OF  THE  PITUITARY  HORMONES 


Although  this  matter  concerns  but  a  single  letter,  it  raises  a  serious 
question  of  meaning,  and  well  illustrates  the  manifold  problems  involved 
in  choosing  new  scientific  terms. 

When  the  above-cited  adjectival  suffixes  and  the  corresponding  nominal 
sufiixes  (-trope,  -trophe)  are  attached  to  such  terms  as  gonado-,  adreno-, 
thyro-,  etc.,  in  writings  concerning  the  pituitary  gland,  they  indicate  certain 
hormones  which  produce  effects  upon  the  structure  or  function  (or  both) 
of  the  organ  named  in  the  first  part  of  the  compound;  for  example,  a  gonado- 
trop(h)ic  hormone  is  one  which  affects  the  gonads. 

The  word  gonadotrope  appeared  first  in  a  paper  by  B.  P.  Wiesner  and 
F.  A.  E.  Crew  which  was  read  before  the  Royal  Society  of  Edinburgh  in 
December,  1928  and  published  in  March,  1930.  The  word  was  used  as  a 
nominal  adjective,  e.g.,  “gonadotrope  action,”  “gonadotrope  substance.” 
It  was  introduced  without  etymological  comment  and  also  without  explicit 
definition,  but  the  meaning  as  implied  in  the  text  is  “activator  of  ovarian 
function.” 

Adrenotropic  and  thyrotropic  seem  to  have  been  first  used  by  J.  B.  Collip 
in  1933.  Other  terms  referring  to  pituitary  hormones  and  formed  in  the  same 
way  have  subsequently  appeared,  for  example  parathyrotrop{h)ic  and 
pancreotrop(h)ic. 

The  use  of  -trop-  in  this  way  is  contrary  to  a  well  established  prior  use 
in  biology.  The  root  word  is  the  Greek  tripein,  which  primarily  means  to 
turn,  in  the  purely  physical  sense  of  change  of  direction  or  rotatory  move¬ 
ment.  Our  whole  present  discussion  hinges  upon  the  fact  that  it  is  this 
meaning,  and  this  alone,  which  was  employed  in  the  biological  vocabulary 
of  English  (and  I  believe  of  other  modem  languages)  until  very  recent  years. 

Admittedly  tripein  in  classic  Greek  sometimes  had  also  a  figurative  mean¬ 
ing,  as  does  the  English  verb  turn,  i.e.,  to  change  or  be  changed.  Liddell  and 
Scott’s  Lexicon  cites  a  passage  using  tripein  which  may  be  translated  “the 
affair  turned  into  a  joke.”  This  usage  gave  rise  to  the  Greek  rhetorical  term 
tripos  and  its  English  equivalent  trope,  meaning  a  figure  of  speech  (“turn” 
of  speech). 

In  biology,  however,  only  the  literal  meaning  was  taken  over.  Following 
the  example  of  the  non-technical  word  heliotrope,  the  suffix  -tropism  was 
adopted  to  indicate  a  physical  movement  of  an  organism  or  a  part  of  an 
organism  in  a  direction  defined  by  the  other  root  in  the  compound,  e.g., 
heliotropism,  phototropism.  This  use  goes  back  in  English  at  least  to  the 
year  1854,  and  in  French  to  De  Candolle  in  1832  (see  New  English  Diction¬ 
ary,  Oxford,  article  Heliotropism).  That  the  suffixes  -trope,  -tropic  were 
not  used  in  scientific  English  until  quite  recently  to  indicate  a  change  of 
quality  or  activity  not  involving  physical  motion,  is  sufficiently  indicated 
by  the  definition  in  Webster’s  New  International  Dictionary,  first  edition, 
which  was  standard  from  1909  to  1934: 

-tropic,  -tropotis,  -tropal  .  .  .  combining  forms  used  to  signify  turning, 
rotating,  pertaining  to  a  turning. 
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In  the  second  edition,  published  in  1934,  we  see  that  the  figurative  sense 
has  crept  in: 

-tropic.  A  combining  form  .  .  .  used  to  denote  turning,  changing,  or  tend¬ 
ing  to  turn  or  change,  esp.  in  a  (specified)  manner,  or  in  response  to  a 
(spcijified)  stimulus,  as  in  bacteriotropic,  enantiotropic,  geotjopic,  helio¬ 
tropic,  isotropic,  phototropic. 

It  is  of  course  nothing  new  for  a  Greek  or  Latin  root  to  acquire  a  broader 
or  less  literal  or  even  a  different  meaning  in  modern  scientific  usage;  but  in 
this  case  we  already  had  one  such  special  technical  use  of  -tropic,  as  in  helio¬ 
tropic,  phototropic.  What  had  happened  to  the  English  language  between 
1909  and  1934  to  broaden  and  confuse  the  use  of  -trop-  so  that  under  the 
last-quoted  definition  (to  choose  an  extreme  example)  a  reader  coming  upon 
the  word  for  the  first  time  could  no  longer  tell  without  a  dictionary  whether 
a  heliotrope  is  something  that  turns  toward  the  sun  or  something  that  turns 
or  even  changes  the  sun? 

To  the  best  of  my  knowledge  the  guilt  (if  this  be  guilt)  belongs  to  writers 
who  introduced  into  technical  English  certain  words  invented  by  German 
dye-chemists  and  bacteriologists.  Chromotrope,  meaning  a  dyestuff  which 
changes  color  under  chemical  action,  has  been  in  use  for  decades  in  German 
and  is  found  in  the  1909  edition  of  Webster  cited  above,  even  though  the 
very  same  edition  does  not  allow  -tropic  to  mean  changing.  In  1904  Neufeld 
and  Rimpau  announced  the  discovery  of  immune  bodies  against  streptococci 
and  pneumococci  which  act  by  altering  the  nature  of  the  microorganisms 
in  some  way  so  that  they  are  more  readily  attacked  by  leucocytes.  The  next 
year  (1905)  they  proposed  the  name  Bakteriotrope  for  such  an  immune  body, 
explaining  the  word  as  follows:  “Der  Name  besagt  nichts  weiter,  als  dass 
unter  dem  Einfluss  des  Serums  eine  Umwandlung  oder  Umstimmung  der 
Bakterien  stattfindet,  als  deren  Ausdruck  wir  zunachst  nur  ihr  verandertes 
Verhalten  den  Leukocyten  gegenuber  kennen.”  The  word  was  taken  over 
at  once  by  English-speaking  bacteriologists  and  appeared  in  their  literature 
within  a  short  time.  Obviously  in  this  case  the  suffix  -trope  involves  action 
upon  the  bacteria  to  change  their  condition.  The  use  is  thus  doubly  contrary 
to  previous  custom  in  biological  English,  for  it  not  only  brings  in  the  figura¬ 
tive  sort  of  turning,  namely  change,  but  it  also  reverses  the  cause-and-effect 
relationship  by  defining  a  “turning”  action  directed  upon  the  thing  named 
(in  this  case  the  bacteria)  instead  of  a  turning  of  something  else  with  respect 
to  the  thing  named,  as  in  the  established  words  heliotrope,  geotropic. 

I  am  not  sufficiently  acquainted  with  the  subtleties  of  the  German  lan¬ 
guage  to  know  whether  -trope  had  already  come  to  have  an  accepted  figura¬ 
tive  significance  equivalent  to  Umwandlung,  such  as  it  certainly  did  not 
then  have  in  English  biology.  I  am  therefore  not  prepared  to  assess  the 
blame,  if  any,  due  to  the  dye-chemists  and  to  Neufeld  and  Rimpau  for 
setting  what  to  writers  in  English  at  least  was  a  bad  precedent. 

Returning  to  gonadotrope  and  its  progeny  of  endocrinological  terms, 
these  words  are  obviously  subject  to  the  same  objection  as  bacteriotrope. 
Nevertheless  they  were  widely  adopted  in  English  and  have  been  taken  over 
by  scientific  writers  in  German,  French  and  Spanish,  to  mention  only  those 
tongues  in  which  I  happen  to  have  seen  them. 

In  1937  J.  H.  Burn  of  London  raised  the  first  published  objection: 

The  use  of  the  terms  thyrotropic,  gonadotropic,  and  adrenotropic  is 
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clearly  incorrect.  A  ‘thyrotropic’  hormone  means  one  which  is  attracted 
to  the  thyroid  in  response  to  a  stimulus  exerted  by  the  thyroid.  The 
factor  in  the  anterior  lobe  which  affects  the  thyroid  is  not,  so  far  as  is 
known,  a  substance  attracted  to  the  thyroid,  but  is  a  substance  which 
stimulates  the  thyroid.  Similarly,  the  gonadotropic  hormone  is  not 
attracted  to  the  gonad,  but  is  a  factor  which  stimulates  the  gonads.  Since, 
however,  the  introduction  of  new  technical  terms  is  always  a  hindrance 
to  the  progress  of  science,  no  new  terminology  will  be  introduced  here. 

The  terms  already  in  use  will  be  adopted  with  this  protest. 

The  next  year  (1938)  A.  S.  Parkes,  also  of  London,  remarked  with 
stronger  fighting  spirit  that  . 

Burn  has  recently  pointed  out  that  the  suffix  ‘tropic’  as  used  to  in¬ 
dicate  hormones  which  stimulate  the  growth  of  particular  organs,  is 
quite  incorrect,  and  he  has  since  suggested  that  ‘trophic’  would  be  much 
more  suitable.  It  is  clear  that  the  alteration  would  effect  a  useful  im¬ 
provement  in  terminology  with  little  or  no  trouble  to  writer  and  reader, 
and  it  is  therefore  desirable  from  every  point  of  view.  Gonadotrophic  has 
already  been  used  by  certain  inv'estigators,  and  I  venture  to  hope  that 
this  form,  together  with  thyrotrophic,  adrenotrophic,  etc.,  may  become 
customary. 

I  do  not  know  who  first  used  -trophic  in  this  family  of  words.  Parkes 
refers  to  Tenney  and  Parker  in  Endocrinology,  1937.  It  is  difficult  also  to 
discover  to  what  extent  the  recommendation  of  Parkes  has  since  been 
followed,  because  editorial  policies  often  override  individual  preferences. 
Parkes  himself  has  been  consistent  in  using  -trophic.  H.  M.  Evans  and  his 
co-workers  and  G.  W.  Corner,  among  others  in  the  U.  S.,  have  follow'ed  suit. 

-Trophic  comes  from  the  Greek  trophein,  to  nourish,  and  used  as  a  suffix 
denotes  nutriment,  nourishment,  nurture.  Its  aptness  in  connection  with  the 
gonad-stimulating  hormones  has  been  questioned,  for  it  is  theoretically  pos¬ 
sible  to  have  an  effect  purely  upon  function  of  the  gonad,  or  even  a  morpho¬ 
logical  effect,  without  nutrimental  accretion.  The  sense  of  “nurture”  is  how¬ 
ever  sufficiently  non-committal  and  indeed  the  adjective  trophic  is  already 
quite  familiar  in  the  sense  of  nurture  without  growth,  in  such  expressions  as 
trophic  nerve,  trophic  lesion.  It  is  too  late  to  mourn  the  fact  that  nobody 
introduced  a  term  meaning  simply  “affecting  the  gonad,  the  adrenal,”  etc. 
“Gonad-stimulating”  was  good  enough,  but  “adrenal-cortex-stimiilating”  is 
inconvenient,  and  anyway  there  are  important  languages  into  which  such 
expressions  cannot  be  fitted.  The  Greek  language  seems  to  afford  no  pro¬ 
nounceable  root  for  this  purpose. 

We  come  therefore  to  the  practical  problem  facing  authors  and  editors. 
This,  it  should  be  clearly  repeated,  is  not  a  question  of  pedantic  etymology. 
As  far  as  the  Greek  lexicon  is  concerned,  moderns  may  use  -trop-  in  words 
implying  change,  if  they  wish  to  do  so.  The  point  is  that  biologists  chose  to 
adopt  the  suffix  for  another  purpose.  The  use  of  -tropic  as  in  gonadotropic 
therefore  reverses  and  confuses  a  clear,  practical  pre-established  usage  in 
the  broad  field  of  biology.  To  use  it  is  to  countenance  the  warping  and  blunt¬ 
ing  of  our  scientific  terminology,  which  should  be  a  precision  tool.  -Trophic, 
even  if  not  perfectly  apt,  is  close  enough  in  meaning  and  is  free  from  con¬ 
fusion.  It  is  equally  at  home  in  other  European  languages  much  used  by 
scientists  (trophisch,  trophique,  trdfica). 

The  Third  International  Conference  on  the  Standardization  of  Hormones 
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gave  some  attention  to  this  question  and  the  following  statement  appears 
in  its  Report  (see  Collip,  1939) ; 

No  general  agreement  was  reached  in  discussion  of  the  respective 
claims  of  the  suffixes  ‘trophic’  and  ‘tropic’  in  the  construction  of  descrip¬ 
tive  terms  for  reference  to  the  active  principles  with  which  the  Confer¬ 
ence  had  dealt.  It  was  agreed: 

(2)  That  the  use  of  the  forms  with  the  suffix  ‘trophic’  or  ‘trophique’ 
in  the  official  English  and  French  versions  of  the  discussions  and  decisions 
of  the  Conference  would  be  acceptable  to  the  members  of  the  Conference. 

It  was  agreed  further  that  the  form  ‘tropic’  might,  if  necessary,  be  used 
with  appropriate  modifications  in  translations  into  other  languages. 

(3)  That  the  Conference  recommend  the  adoption,  for  general  scien¬ 
tific  use,  of  the  term  ‘gonadotrop(h)in’  for  reference  to  principles  with 
gonadotrophic  action,  with  the  addition,  in  each  case,  of  a  suitable  ad¬ 
jective  or  descriptive  phrase,  to  indicate  the  source  of  origin  of  the 
particular  principle  to  which  reference  is  made. 

(4)  That  the  Conference  recommend  the  adoption,  for  general  sci¬ 
entific  use,  of  the  terms ‘corticotrop(h)in’  and  ‘thyrotrop(h)in,’  to  denote 
the  active  principles  of  the  anterior  lobe  of  the  pituitary  gland  acting  on 
the  adren^  cortex  and  on  the  th}rroid  gland  respectively. 

It  appears  from  this  inconclusive  statement  that  the  Conference  con¬ 
sidered  -trophic  acceptable  although  not  everyone  was  willing  to  give  up 
the  older  form. 

Turning  in  conclusion  to  another  question  involving  the  same  root,  some 
writers  have  used  noun  forms  ending  in  -trop(h)e,  e.g.,  gonadotrophe,  meaning 
a  gonadotrophic  substance.  -Trop(h)in,  which  is  more  common  at  present, 
seems  better.  In  the  first  place  the  ending  -in  is  customarily  indicative  of 
chemical  substances,  including  hormones,  and  in  the  second  place  -trophe, 
as  already  used  in  such  words  as  embryotrophe,  suggests  that  the  substance 
is  a  food  stuff.  -Trophin  will  therefore  be  clearer  than  -trophe. 

George  W.  Corner,  Sr. 

From  the  Department  of  Embryology, 

Carnegie  Institution  of  Washington, 

Baltimore,  Maryland 
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Physiology  in  Aviation,  Edited  by  Chalmers  L.  Gemmill,  Commander, 
M.C.,  USNR.  Associate  professor  in  physiology,  The  Johns  Hopkins 
Medical  School,  Baltimore,  Maryland.  Instructor  in  physiology.  School 
of  Medicine,  Naval  Air  Station,  Pensacola,  Florida,  With  a  chapter  on 
instrument  flight  by  Lieut.  Frederick  B.  Lee.  vii,  129  pp.  18  figures,  18 
tables.  Cloth.  Price  12.00.  Charles  C  Thomas,  Springfield.  1943. 

This  small  handbook  presents  a  brief,  concise  and  very  elementary  re¬ 
view  of  those  portions  of  physiology  which  are  directly  concerned  with  avia¬ 
tion  medicine.  Consisting  of  the  material  covered  in  the  Lectures  on  Physi¬ 
ology  given  in  the  School  of  Aviation  Medicine,  Naval  Air  Station,  Pensa¬ 
cola,  Florida,  it  amply  fulfills  its  primary  purpose  of  presenting  to  aviators 
and  to  flight  surgeons  in  training  the  elements  of  respiratory  and  circulatory 
physiology,  in  non-technical  language  and  simplified  form,  with  frequent 
emphasis  on  practical  application.  Haste  of  preparation  has  no  doubt  been 
responsible  for  certain  errors  {e.g.,  pp.  34,  42,  92)  which,  while  temporarily 
perplexing  to  the  reader  are,  generally  speaking,  corrected  by  the  context. 

E.  M.  Landis 

Frontiers  in  Cytochemistry.  Biological  Symposia,  vol.  X.  Edited  by 
Normand  L.  Hoerr,  Henry  Wilson  Payne  Professor  of  Anatomy,  Western 
Reserve  University  School  of  Medicine,  vii,  334  pp.  $3.50.  The  Jaques 
Cattell  Press,  Lancaster,  Pa.  1943. 

In  recent  years  histologists  and  cytologists  have  shown  signs  of  recovery 
from  the  paralysis  which  came  on  with  their  discovery  that  the  various  com¬ 
ponents  of  tissues  or  cells  could  be  stained  either  red  or  blue  by  the  use  of 
aniline  dyes.  The  awakening  from  this  prolonged  stupor  is  signaled  by  a 
renewed  interest  in  the  physical  and  chemical  composition  of  biological  ma¬ 
terial.  There  is,  as  a  result,  a  certain  preoccupation  with  the  methods  avail¬ 
able  to  those  who  are  interested  in  the  correlation  of  chemical,  physical  and 
morphological  data.  Two  general  procedures  have  been  employed.  The  older 
of  these  consists  in  the  demonstration  of  substances  within  tissues  or  cells 
by  chemical  reactions,  the  end  products  of  which  are  microscopically  visible. 
Such  procedures  are  numerous  and  well  known.  Their  advantages  and  dis¬ 
advantages  are  the  subject  of  the  recent  excellent  books  by  Lison,  Bourne, 
and  Cowdry.  These  reactions,  although  frequently  valuable  and  discrimi¬ 
nating  in  the  hands  of  the  expert,  are  notoriously  capricious  and  often  un¬ 
reliable.  Consequently,  a  group  of  investigators  led  by  Professor  R.  R. 
Bensley  attempted  to  separate  the  various  cellular  components  before  apply¬ 
ing  chemical  tests.  Their  results,  which  are  presented  in  this  volume,  com¬ 
prise  the  second  general  procedure  employed  in  cytochemistry. 

The  symposium  which  formed  the  basis  of  the  present  volume  was  organ¬ 
ized  by  a  group  of  investigators  who  were  former  students  of  Professor 
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Bensley.  The  meeting  was  held  at  the  University  of  Chicago  on  the  occasion 
of  his  seventy-fifth  birthday.  The  interest  aroused  by  the  symposium  led  to 
a  demand  for  publication  of  the  contributions,  and  they  are  therefore  pre¬ 
sented  in  this  most  recent  member  of  the  series  of  Biological  Symposia. 

The  techniques  employed  by  the  various  investigators  are  many  and 
diverse.  The  centrifuge  has  been  ably  used  in  a  number  of  laboratories  to 
displace  elements  in  intact  cells  and  to  separate  the  particulate  components 
of  fragmented  cells.  The  oxidative  mechanisms  of  cells  are  considered.  The 
reactions  of  cells  to  internally  placed  chemical  agents  have  been  studied  by 
the  use  of  microinjection  procedures.  Ultraviolet  absorption  and  polarized 
light  studies  have  contributed  information  on  the  composition  and  orienta¬ 
tion  of  cellular  components.  And  finally,  classical  chemical  methods  have 
been  applied  to  tissues,  the  cellular  composition  of  which  was  subject  to 
histological  control. 

The  results  obtained  with  the  above  methods  have  been  interesting  and 
informative.  The  centrifuge  has  permitted  the  isolation  for  chemical  study 
of  various  cellular  components.  Mitochondria  and  “submicroscopic  par¬ 
ticulates”  have  been  found  to  contain  a  variety  of  enzyme  systems.  The 
optical  methods  employing  ultraviolet  and  polarized  light  have  contributed 
much  to  our  understanding  of  the  nature  of  cellular  products.  Solubility 
studies  on  frozen-dried  preparations  have  permitted  the  systematization  on 
a  rational  basis  of  several  cellular  substances. 

It  is  interesting  to  note  that  the  seeds  of  controversy  have  already  begun 
to  germinate  in  this  new  field.  The  inevitable  result  of  the  anatomists’  failure 
to  create  a  rigidly  defined  vocabulary  is  demonstrated  when  Claude  and 
Bensley  both  use  the  term  “mitochondria”  to  refer  to  obviously  different 
particles  in  centrifuged  material.  The  origin  of  “plasmosin,”  a  nucleoprotein 
extractable  from  cells,  is  also  a  question  for  debate.  Despite  its  nucleoprotein 
constitution  as  well  as  the  fact  that  it  is  extractable  from  avian  (nucleated) 
but  not  from  mammalian  red  cells,  Bensley  feels  that  the  solubility  character¬ 
istics  and  method  of  preparation  from  liver  cells  provide  evidence  for  its 
cytoplasmic  origin. 

The  present  volume  is  a  successful  one.  It  contains  a  systematic  treat¬ 
ment  of  a  large  body  of  new  data.  It  is  a  stimulating  book  to  read,  since 
more  questions  are  asked  than  are  answered.  The  authors  and  publisher 
alike  are  to  be  congratulated. 

Edward  W.  Dempsey 


Essays  in  Biology,  in  honor  of  Herbert  M.  Evans.  Edited  by  Samuel  T. 
Farquhar,  Chauncey  D.  Leake,  William  R.  Lyons  and  Miriam  E.  Simp¬ 
son,  Chairman,  $10.00.  xxxi,  687  pp.  Berkeley  and  Los  Angeles,  Calif. 
University  of  California  Press.  1943. 

The  friends  of  Herbert  M.  Evans  have  prepared  and  collected  a  series 
of  forty-eight  original  contributions  which  were  published  on  the  occasion 
of  his  sixtieth  birthday  by  the  University  of  California  Press,  It  was  intended 
that  a  variety  of  subjects  commensurate  with  the  range  of  interests  charac¬ 
teristic  of  Dr.  Evans’  scientific  activities  should  be  represented.  Space  limita¬ 
tions  prevent  the  listing  of  even  the  table  of  contents,  but  it  should  be  noted 
that  a  fascinating  potpourri  of  entertaining  biological  material  is  brought 
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together  between  the  covers  of  a  single  volume.  One  can,  for  example,  obtain 
a  bird’s-eye  view  of  the  endocrinology  of  reproduction  by  perusal  of  the 
articles  on  Regner  De  Graff  by  Comer,  on  Brown-Sequard  by  Major,  on 
various  aspects  of  estrogens,  androgens  and  progesterone  by  a  number  of 
contributors  ending  finally  with  a  discussion  of  Ovum,  Cycle  and  Menstma- 
tion  by  Zondek.  Or  one  can  muse  over  the  juxtaposition  of  Harvey’s  Ideas 
of  Embryonic  Nutrition  by  A.  W.  Meyer  with  an  account  of  Impotence  as 
a  Result  of  Witchcraft  by  Sigerist.  And  one  might  also  reflect  that  Bensley’s 
study  of  the  localization  of  the  lipids  in  cytoplasm  and  Green’s  discussion  of 
the  solubilities  of  proteins  point  the  way  toward  a  more  basic  understanding 
of  the  phenomena  which  have  been  discovered  and  characterized  by  modern 
endocrinology. 

The  volume  contains  the  bibliography  of  Dr.  Evans  for  the  years  1904- 
1942.  Reading  the  list  of  titles  calls  to  memory  the  series  of  outstanding  con¬ 
tributions  which  has  been  provoked  by  his  indefatigable  curiosity.  The  ap¬ 
plication  of  vital  staining  to  biological  problems,  the  systematic  exposition 
of  the  reproductive  cycle  of  various  mammals,  the  study  of  nutritional  fac¬ 
tors  in  reproduction  which  culminated  in  the  discovery  and  isolation  of 
vitamin  E,  the  recognition  and  study  of  metabolic  factors  in  the  anterior 
pituitary,  and  the  chemical  separation  and  characterization  of  the  anterior 
pituitary  hormones  may  be  cited  as  an  incomplete  list. 

The  subject  matter  represented  by  the  titles  of  the  essays  published  here 
for  the  first  time  shows  as  great  a  variety  and  as  healthy  a  disrespect  for 
conventional  specialization  as  is  displayed  by  Dr.  Evans’  bibliography. 
Endocrinology,  chemistry,  nutrition,  history  and  neurophysiology  are  boldly 
intermixed.  And  not  only  does  this  denial  of  specialty  boundaries  seem  to 
be  an  editorial  purpose,  but  the  contagion  has  spread  to  many  of  the  con¬ 
tributors  themselves,  causing  them  to  ignore  their  preoccupations  of  a  life¬ 
time  in  favor  of  avocational  interests.  One  may  cite  as  examples  the  histori¬ 
cal  articles  by  Bartelmez,  Corner  and  Houssay.  A  similar  example  on  a 
larger  scale  comes  from  the  case  of  Bensley,  who,  after  his  retirement,  turned 
away  from  the  specialized  problems  of  histology  toward  the  larger  field  of 
cytochemistry.  These  reflections  lead  up  to  the  generalization  that  the  most 
noteworthy  advances  come,  not  from  the  slavish  adherence  to  the  minutiae 
of  a  demanding  discipline,  but  rather  from  following  the  problem  of  interest 
wherever  it  may  lead  and  through  w'hatever  forms  it  may  assume. 

Edward  W.  Dempsey 

Annual  Review  of  Physiology.  Vol.  5.  James  Murray  Luck,  Editor;  Victor 

E.  Hall,  Associate  Editor.  Editorial  Committee:  A.  J.  Carlson,  J.  F. 

Fulton,  M.  H.  Jacobs,  F.  C.  Mann  and  W.  J.  Meek.  $5.00.  viii  and  613. 

Cloth.  Published  by  the  American  Physiological  Society  and  Annual 

Reviews,  Inc.  1943. 

Five  years  have  served  to  establish  Annual  Review  of  Physiology  as  a 
must  both  for  physiological  specialists  and  those  with  more  general  biological 
interests.  The  fundamental  worker  finds  in  it  a  working  bibliography  of  re¬ 
cent  contributions  occasionally  seasoned  with  helpful  critical  evaluations  or 
more  rarely  a  penetrating  insight  into  possible  lines  of  future  investigations. 
These  articles  also  keep  the  busy  practitioner  of  applied  biological  arts  in 
touch  with  the  theoretical  foundations  upon  which  his  practices  are  founded. 
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As  usually  this  year’s  volume  comprises  a  collection  of  varying  merit  if 
judged  by  how  far  they  answer  the  question  “where  do  we  stand  now?’’ 
rather  than  the  routine  “what  did  we  do  last  year?’’  Critical  evaluation,  the 
objective  announced  by  the  editors  some  years  ago,  is  diflBicult  to  achieve  at 
any  time  and  in  the  midst  of  war-time  demands  Can  hardly  be  hoped  for 
except  in  a  minority  of  instances.  It  cannot  be  too  often  emphasized  however 
that  what  the  scientific  public  wants  is  a  picture  which  makes  sense  as  a 
whole,  not  a  compendium  of  equipotential  and  frequently  contradictory 
details,  however  brilliant  their  individual  execution.  If,  like  a  few  of  the 
Flemish  masters,  one  can  do  both  at  once  so  much  the  better  but  if  we  are 
allowed  but  one  let  us  have  James  Thurber  rather  than  Harrison  Cady. 

Several  new  subjects  are  treated  in  the  present  volume  and  make  in¬ 
teresting  if  somewhat  difficult  reading  for  the  uninitiated.  Particularly  sig¬ 
nificant  in  these  respects  perhaps  is  the  elaborate  treatment  of  biological 
assay  and  the  provocative  article  in  physiological  genetics. 

Incidentally,  although  these  subjects  lie  close  to  the  interests  of  the 
present  reviewer,  he  is  beginning  to  wonder  if  perhaps  a  6z'annual  review  of 
matters  related  to  S3aiaptic  transmission  might  not  be  adequate  for  a  time. 

R.  S.  Morison 
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